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(57) 

mmmmx-h^x. mem „ ? asKu -r-ifcii^ 

fSt/V-ffi^N/ ( N c - N o ) COffiOiti* 1 . 



(2) 

1 

[|f*IIl ] ^fl^tlCDty^— mfiON/ ( N c — N 

o) £7)ffl N(i^yv-#fioltJ!E^St Nc 

^TTS <y ? 3jK'J "7-4 fcli^ 7 h nsKU 

[ it ^ii 2 ] # u y ? y m t mmm^Mtf y vhb k * 

^TTS >y 7 n^U ^-ifcli^ 7 b^#V 
Mtsi^#st«;^-yfaw4. io 

c mmn 3 ] m&g i * -tii 2 w&w * * - ynmmm 

a»Wfc:Hi*UT^?L«aBi#*ji9jiw-*3jgfc 

ywmMmfr^&mzBtfi-t&x.mt. msmwzs 
=t o , ifiEit4'fcjpj«s*ut 5 ? tfmmmtpb 1 o 20 

*°y v-fflSrvx 9 k LX fluiEM&trx -y ^-y9"LXm 

mmmizsi rxmweimwf-yim&r&jiut 
zmmttiz t amt-r&w-ymii&jm. 

x «y f-y ^BLffiJt* 1 1 ■ 3 JfiLhT* £ 2 o« "J 

F 7 W X >y v ^ {z «fc 0 , flu iEH* $ 5 9 n 
—yhyy^yr—m^^'y^-y9"LXmM^9 — yh 
9-y b7yx77-M^?t tTflalSft«^x-y 

^f-yy txmmmz ^7^m^mmm^r^-yin 

40 

-ilk SrW-r^. 7'n -y ? 3*° U v-ifcii^ ^ h 
StLT s 3^nffl^i««3t+Olo<O^Uv-ffiO±iS 

tztfw-mzmtRmzmzLx. m^ttzm^v^ 50 
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[if*ia8 ] mmiizm^meim^^-ymmtm 

3&»6*4K*JBrtW-&ZjBfc, fflriBK*fc 5 Raffia* 
fiii£ffM-ri>X*I2: , KffilHtx^rt^-JRtJHSf t 

Bf^-SXSk, x-y^y^tciO, $9vfflttMffimfr 

f: . S#t>tflfi^U ?-ti^7X^ LTflulE*^^ 
x -y f - y m z k lz J: 0 , flfjias^tc 5 9 vmftMffi 
mco^9-y&m&-t&JMk$:mmLtiZk$:mWLk 

~t%>^9-ym$35m» 

■t&JMk, wm&^-yvyyxyr-mi.^ 

JB6lStfeco^^-yffM«^<i^^JK^ffM^--&Xg 
fc, fltrlEM^ts^affi^iiSiS^ffM-f-^xgt , flu 

i ^cdtT'u -?—toco±m&$mt&xmb . x -y^-y^ 
nz-?x9k Lxm&*9—yhyyx7T— M^x-y 
<?Dy\ o ^— yiflfi&ztitiJ'*?— yv^yxy T—m&-? 

7.9k Lxmmm : t^-y^y9'Lxmmmi l z-=9v 
ttfttmmw?-y*w?-r&Tmb zmmttiz t 
i&mt-t&w-ymujm. 
umm i o ] i nwMk . c\tih<7-)VMmt<ztm t> 
mmm-isw$taz^v-9-kit^L. mm^ 

S 9 nffl^iMJt &^TTS 7"n -y ^ 

Hfca&Bl 1] S^offliMUflBtS^-^ny^n^y 
* Jt (i ^"5 7 h 3 & y -e-^ ^low y -e-ffl s 

[11*111 2] TIBffcSSg* 

c-fki ] 



r'oco ocor 2 

(Z\ZX\ R 1 , R 2 (i:^fLm3jflJtt^«l:l~2 0C0 

-r^fltriE^'n -y 9 U 7 h n*°y v- 

[ft^il 1 3 ] mM-ktz^ k t 1 OtfO^-flftt^ 

y -7-iItr^-g.7"n >y ^ zur'V -?-£fzt,i9'y7 b =r 



(3) 

3 

3r < fc «> 1 ocogfeiWSHfctf U v-i'Jff^ 7'n -y ? a 

*f y - 4 7t a y 5 ^ h 3 *° u v - s ^ * 9 - y 
Mtfw mzmrnt sist, tmisjbi+ 1 5 ? 

^ i k tz X 9 , lulE 5 ? offi^Ht«jt*^^»e^ 
yv-ffl£Efc*tsx*lk. S#L*rffio*°y-?-fflir 
k LTmffB^^^— ^b5yX7T- JK£rx-y^>- 
? LX lffii> ^-yh7^7r -Rfc: 5 ? nffl#Bi« 

9— yfi%P?-£ti&*?— y h^yxy T~m&~?x7 20 

1 5 ] *KK k fc 1 o^iiHBtt^'J?-!^ 
^r-TS 7n <y ?a4f'J v-tJtJi^ 7 h rr^'J 

Girt s ^ - yjaastm* 1 t * s jb^t & x 

k . iSWMIfiBaEKLhtlllBR-*- h z\ k K: i -> X . mrlB 5 9 

xmftmmfr $> mmmx 'J u l 

fc, mtS#?L««jt*offi3ltilTOi'K^5E*^SXg 
k fcJWI Lfc £ k frftfR k -T 5 > **->-J&jft2r8;. 

vssm i6] i *ftomffik , ziit>cowwmizm.ift> 

5 ? nffi^il«3t^^rr^^n >y ? 3*° U 

[ft^ii 1 7 ] i *rw«ffik , ;*i6*om«aitRtt6 

5 ^ o a ycommcom^uco 2j~3mt4 * 
■mizhmrmm^n^^mm^^^immmm^ 

ClfiRlI 1 8 ] ^im. 0 . 1 — 1 0 0 n mOy U y? 

h .1 k $■ k § IM* -^V«Jt#: . 
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4 

itvttfrhimt ZMtffiLfzZ k ^#^k-r€.#TL»^ 

CfffStl,lSk x.yf>/tJ;D, fflrSEK**^ 
WKS^flWf L tz *.° 'J v-ffl WfRffi £ fz ti^BWfc 
l^*kT^R«i^ ^ ne$^XSk k 

Wt&b-f&y 4—)VY ■ xs -yi/ a y ■ fU7V-(0 

[W2 3] ikmmiT£&&^fztfV~?-b. 7 
a >y ^ a y v— 4 it 7 h r? *r u k O^Ft-^rft 

iirT 9 ^ 9 Sit ^ffM L . U fLfc#K6t 

XSk. m!e#«»i^£3iS£-t!\ ^^^«it^#^° 

b*mib-f&*^^?cr>wmi?&, 

[ff^lI2 4 ] AfHKS? fcfc^ji^T'n -y ^ rj^y 

-7-mmcD^mizmm^hJMb . mm$ 
9 vumwmn i y v-s^Mwcis t , 

SlSt * Jtf® Lfci t ^^fc ^S^fttmoMiEJi 
[0001] 

imicom-t&imftwi *mm u v ^ 7 ^ -xs 

£m-flzmWi±.t l z-f-J*~?~j-~y—c?)^?~y$:B 

to ft v w- y ^° ^ - y 2r « ii,ffltiti» s 4 , 
*?&BJi i^Vl- ^ -rt- y * - * -sj- - com m Sr g dffl 



(4) 

5 

[00 02] 

[0003] — 2n:\ ty^-^-*-^"-<7)A7-- 
[0004] dOioarWJS* 1 ^. 'jy/?7^-8» 

[0 0 0 5]«i.(l P. Mansky £>i4, Appl. Phys. 30 
Lett., Vol.68, No. 18. p. 2586-2588 tfcWC, ^'JX 

fi/yh^'J^vri/y t^/n -y ? a ^ >j frt>% 
r ^ y ^/ynti: J r L T Efc* t T ^ll'S.m 

9L. mRizstumftMfflmcomifztiti^-y* 

Jftfc*-*:*Sfc£#ftL"C^*. M. Park feli. 

Science, Vol.276, 1401-1406 ttSlvC. ^'JXfl/y 

k u -r y 7 v y t n?u -y 9 a # u v-^&s }»& 

Mcd 5 ? o«*IIISfitJ:tM L . MfflRJSC i 0 40 
*.°u-fyT^>'ffitKlt,^-xs T >^^SAk-rx./f-y 

[00 06] ^3 L^^'n-y ^nxKUv— <7)S?nffi# 

m«etfflv^^rffi*i, u y ^9 ? a -s»k jtK lt 
££teoiL6^^fflttt£U^ 50 
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[0007] 

imi&fR&LXo t-r&mmi xis 

~9~^~9'~<7ym^9~y^^7twm.^i^z 
ffimizBf&T # h >*9 - yjfflSWBti =t * ? - yffM 

[0 0 08] *fM*0S^fc:ffi<0BWIis ±IBO±^^r 

?-%b'£ffiimzmm.T% z b iz$> 

[0009] 

Wi4. ^ti^ti^y^y^—^-i^mn/ (Nc-No)« 
atCii-c, Nt4^y-?-mfi«nxiL ncm; 

R ) coJt** 1 ■ 4 JiLkT'afe S 2 >J V-^Sr^rr § 
7a -y ^ =7 U 4 fcti^ 713^ y Sr^-T 

[0010] i«0*fr*«fc^o -y 7 -r— 4fc 

Ii/77h34fj7-n ftMe^t;t4^#s-^*^uv 

[00 11] *^9J^^°^->-ffM«Wi4. rttVis^y 
Mbfim&imtfV -?~mb ^W-f-S 7a >/ 7 ^ 
-4«i:/77la#yv-^M«„ 

[0012] ifwnw^-ymmjmt. ±m^ti^ 

mmwz 5 9 um^mmm^mm-hTM t . mm®. 
"BWk F7^x >y ^y 9 LX$9 vmftmwm^ 1 o 
cos* U -e-ffl * MfKWtcl^* LT #?L««fi«ct»liW- 
•SXgk&*^-4„ 

[0013] *56BBw J "C^-y^jjarffil±, SS±t, 

±3* ^ ^ - y^s^ h^&Mz mm- h ig 

x .y -f - y 9 lx mmmz 5 ^ vwftmtmw- y 
[0014] *$kww<9-ymm3jmz. kica- 

yi7yx7T-I±t, ^^X'yfymit^ 
1 . 3 1)2-3^ U v-^$r#^-4 7"n >y ^ 3 
*f U v — * £ { 4 ^' 9 7 h a !jf U v — Sr #*-r 4 ^ ^° ^ — y 

o . sffisiK^tjFM^a^ 5 9 nm^mmm^ 1 o^o 

U "7— ffi* ^ k kTlfrlS^N 0 ^ -y h 5 y A ? r —M 



(5) 

7 

MVX^J: LTfuteffiK£x^y^LTiraie*t£fc 

[0 0 15] A7-yf7yX7r-IJ:U(l 7"n 
•y ? 3 Tit V £fm?*77h^ >J fflj^-f £ 4"° 

y ift/> a *>x -y f-y/ii^s v ^ y tbs 

LT , x >y ^ y ^Jgit/S* 0 . 1 VXk~C h & t <9#ffl ^ 10 
[0016] ULtO^tfcvvt . 7"u -y ? V- 

~mt T? y ;^rKy v-ii t £wx & t <w#£ l 

t*. H*W«X 7f#8i#**?yv-M#>\ 

4«&< fct, lafotyv-ts^-iifctj: y-£j££ 

#:3&^S1RS^S^< fc t> iaweyv-ti#t4 20 

[0017] ffl»cj:-3'rii, mmiTp ua-sw* y v 

HHtftfHF** 1 1 0 7?IXFT£> y . a^U v-co^X* 
( Mw/M n ) *l 1 . 2 OETPCfc 0 , 3f#iB^r 

sifyv-itT^'j y vhb«#^ a^Jta* 7 

5 : 2 5 — 9 0 : 1 OtftU^Mt'J.S, ftft 
JSLh, 4HF*»*B ( Mw/M n ) # l . 1 5J2TTC* 

y , Jrwm^tf y y /wrsk y 30 

XMOit^X 5:2 5 — 90:1 0 X£> § i CW'ifiiX 

[0018] ^HJ^ffiW^-^ffMW^i, 
x^n^-auofBaf i 0 WBf sKU vHKk x* 

•y ? a # y v-4 fc(±^9 7b3!|fJ v-S -$r*X£ . 
[0019] x^Hp-HBUi, *F«L r«L X*j&»6 

t « « ft*** n n y >x« ZixteTf y /US 40 

i ft lisK y yjrc* & . 

[00 20] #$tWcr>^?->Bf&Jrm±. JMLtf* 

[0021] ^mm^-ymmtmu. mm±.iz± 50 



9#IH2 001-1 51834 
8 

*mMmzms-t&jmt , s# L^ffio^ y 

IBfflRfcS ^nffl4MBafia<^^->*IE¥-rftXief: 

[0022] *^^/^-yff^^(±. aathto't 
?->h7>x7T-mt:ftm-f&JMk. maw- 

y h =? v x y r -BLhfc , ±3* t ^ t ^ - > Bf$Mmfr 
6*&K*»rtW*xei:, «EJR+tS^o«4MB« 
jt^^T -SXgfc , MfaHtx^;^-iK^HiWL 
T , 5 ? offi^iHf it*<7) 1 0(7)^ y v-fflcoXiS$:W 
Klrri»X@i;. x 7 f^lcJ:D, 5^nffl4HltaBt3&> 

t . a#tfdto*.°y fc LTmlE/t^- 

yb7yx7r-l^X7f y/LtfllS''^->'h7 
y X 7 r -Rfc 5 ? nffl^BHS itW^-y &K^TS 
II k , 5 ^ nffl^K^itw ^ - $ tL7t^ 

-yh7yX7r-MvX7t LTtufEKSSrx-y^ 

[0023] i<o*ffi*cfc. A7-yb5yx7T-l 
t LT{^. 7n773d:ij7-4y;li/77la^ij7 
- £«J&-f -6 'J v-il<50 o ^>x -y f - > TlM&Wiv 
y v-Mi: JtK LX . x -yi-y ymmttf 0 . 1 JXtX 

[0024] x^P^-IMtt ioTXil^-WiTS^X 
£*°y -e-ili: tT«. ^Ji.(i'*ry 7M/W^7'J l- 
-liWtil.. 

[0025] Miti-ottt, x*7i^MR!BStfc i o 
TX«^W»f SfL^^flftt^ y vH«fl54HP*** 1 0 77 

J2TFC* 0 , -7-Ot>^*7>^ ( Mw/M n ) *i 

i.2o uitt* y . JtiMWffeK y v-ii t ^tt^ y 

-?-m$ft=F*.<niktfl 5:25-90:10 "C* St 

<D&&irci>&. mmiz, mmzx-oxu. a^ij?- 

<04HFJfc&* 577iXh. ^Xifrffi ( Mw/M n ) # 1 . 

i 5 £itc* o . n*Wtt^ y v-m t *»tt^ y v- 

Ili*fi«tt^7 5 : 2 5 — 90 : 1 0T*4W 
HtM. 

[0026] *«R8<!DS ibtcffi^t^-y^jSWHJi, 

[0027] 
[^2] 



R^CO OCOR 2 

[0 0 28] (^It. R 1 , R 2 (i-tfL-?'#l*TttCM« 



(6) 

9 

m i — 2 o <7>wM$.iz.mmm<7)T)v*)vm, r v ~>v 
T?)v*>vm£.tzteT)v^*y!vm$:^t<, ) x-m. 

£ tih m 0 L#.fi£-£tM? U v-il fc . Sfefrjfftt*? U 
vHK fc £WtT h /n y ? a U v- ± fc(±^5 7ha 

[00 29] SRiWSHfctfy ftSfWt^-KUx 

[00 30] *«BBW^^-yjttfc6ri£Ji, ffiKXC 
5l«3r < fc t> 1 mmftM&tf V -?-M*^-t& -y ? 10 

y#j£^fr&&SK*#Jit$-4Xfii:, WIEJR+tcS 

£^?X?fc UTlinEaHE^Xyf-^tTWIEaHEtcS 

[00 3 1 ] 1S±Ka- 
^-yb5yX7r-MffMtSIlt, ftrfB-^- 
yf7yx7t -ILtfc, ^ < fc t, l o^Sfe^ttrff 20 

U ^TT S 7"0 -y 7 3 # »J -7- 4 7b3 

*° n-s: 5 ^ * - y Bf&Mmfr & s & £ 
@ . sftiMssasJiLhts^ft-t s i t ± o . mm s ? 

-y h5yX7r-M7X^ fc LTBUlBS^^X'y^ 30 

V?" L T tiff EMS S ? offi*|t«}gc7)y - y £ ^ 

[0032] ^mco^-ymmjrmttzii^mm 
mti&>m&}mz. 'J?%< fc t> i oonft^)iftt*ru 

«£^r$--& 7'n -y ? 3*r>J -?-i^77 h U 

& is fc . «ias»*+te s ? vwmtm&m&th 
xmt . mmmmtt±izMM~t& itwot, mis 

[0033] xiBo^-cti. '^-y&fmm&fm 
#ki,xm[±£mR*imu ^9^m^mmmtL 
xm&mm t tz \t ^ u y^-aiatfcjBs l , $>nmm& 
focomummmwzjm l tzmz.^'mmm: is^s 

[0034] ^MttOM*fiJffl^-4^°^->-ffM*t^ 
J«n7n7?3;ifJ?-J«^77h34fj7 50 
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dfJ-f S FAIL ^UT-Uy|^#*M*^^-&i¥j; 
* * ? U . ^° U a - * ^/kx f - V y 

[00 35] ^B^^^-yffMWWii. asjDMfc fc 

T. Cr, V, Nb, Ti , Al, Mo, Li, Lu, 
Rh s Pb, Pt, Auiait/Ruj&^^r^pJ; 

[00 36] *|ira<0«9Ml2¥-b^i, 1 M^«ffifc , 

z_tit>(vmm cut 6*1, «w fts&^ftstut-fe^tu 

jt^^rTS 7o -y ^ 3 ^ U -V—tMif'J 7f3*" l j7 

[0037] ■feyt^-^-iawt-ri^TLmKtfWi, 
0te^i o~5oo nmcomiL^iviimnmzftimL 

tzmfc¥-&5QfxmVXT<7)YX4y*^L, 

[0038] *Hffico«SMfc^-b^i, l M^«ffifc , 
iixA>omffiPa1tciatt6ix^«W«Sfc **fc. mrlB« 
ffi04>^< fc h-mK 5 ^ nffl^HffllJi&^rrs 7*n 

7?3^)j7-^/;l^"77F3^ij7-^lil-9£?)^ 
[00 39] ±IB^7)«Ml^•fe/^^omffi(±. ~^7cffle 

^iiraoniie^go 2 v 3 fgfc 4 fgco^-mfc *> fflPBSE 

[0040] *»R*0>fiS*7 4 )V9-\t. S Offl* 

v-3&»6 l o^rff'J v-ffl£j»J?Wfc:H**-r4 i fc fci 

[004 1] ^ ^^-*«fig^S^?L««J&fls 

(±, HMS^gl 0 — 5 00 nmCOip-fi-fe^WJWtK 
?tj LfcHIte^ 5 0 mJilTO H^W ySrWL-s Y*4 

ytfimMLtzffimztt&zttfm-t u\ 
[0042] ifwm $>nw# - x ymm.fcnwm.-fim 

iStL^v^f ^nxY/ky 3 y tilt^Igi: > fffiB^ 



(7) 

1 1 

mm ma l , m®immmmm<n^mm»*% 
[0043] ^mmconco^?->m®,-xm±, 

n^^&^tz^V -?-t , 7'xj -y i? a#v~?-£ tz 
U v— £ fcii^ 7 h U "7— 0 1 U -7— ffico 

* fcid&K y v-ffiiH^ifiiifcflW § •£* ig t , 10 
&8te § -ttft is t £*-rft . 

[0044] ^O^j£i±, aSLfcASKWe^ifcOtt 
[004 5] ^BJco^^^°^^»«jt^)£{±, A«m 20 

?77h?#u^-k com^mfr ^isM mm- ft x 
[0046] *&wmmmm<nimmcrm&ti&ii* 

3 # U "7- 1 ^^SMSr JFM^ ft -TM b , W 

fufcAJWRSfrf* 5 ? nffl^|||»a*jgjatr ft # 'J v- 
ffilStolHHteflWr § it& XH b , buIB 5 ? nffl#«t«Si 

©low y asKW ten** t . a# LfcffiOTK 

ft. 

[0047] 

*HfficoiB01(i, ^n^3#"J 40 
nffl4MBt§*fe«, 1 otOrK y v-ffl*a»Wfc(fc* 
4#TL«K4fc«*TL«aBt**jej^ft - i: . 

ft U fl!l^^?L««jt#;&ffM^-ft^^^«Mfc LTffl 
l^ft £ i: fc T'# ft o *%mz& , 5 ? 
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/t^H££ttiTft4Hl¥tte9iS, & /tti^WttoH^f (J 

[0 048] 7n7?3,f'j7-^cli/77l 
a *° 'J V- tCOUTiMBfl-r ft o 7"U -y ^ arK 'J V- h 

(4. »*tdfJvHI*>'7*n >y 9 b LXtteLtM 
m^XV . 7'n -y ^ r?^y v-^^MJi. 

& ft B IK 'J V-II t «t^«B if 3 LT"Sn"n Lfc , - 
(AA ■ ■ AA) - ( BB ■ ■ BB) -fc^3«3t£JS 
OA-Bly7n -y ^ 3*ry V-TSbft . 3 «liLtCD*° 
y mtl&e; Ltz 7n -y ^ 3 y Srffl l vc {> J; 
hyyo-y^n^ry v— cdj©-^, a-b-ai, b 

-A-BI, A-B-ca«V^T'tJ;^ liift 

(±wkb<osk y v-ii^^^^^ast^^sv^x ^~ 

S«7'D >y^3*ry-7— ^fflV^TiiV^ 7n7?i s 4 
^lil±0 (A-B) nlifdd (A-B-A) nM^ri: 

t07"n «y ^ rj *r y v— ^fflv vc j; v \ y h a jff y 

^ft*ry-7-^±iic ffio7Ky-?-^miMi 

T"i±. «ff(=9f)S8<0}K y -7-* ^^Tff ft i 1 3fi^CS 
ft 0 A-BI, A-B-AI, B-A-BS^ 

c?)7"n -y ^ rj*ry ^Hi^JciaTj^ofci 
5 5rrn >y ? r?*r U v— fc 9 '9 7 h 3 rf? y v-offl^ 

[0049] 7"n y^rJ^°y-7— (4, /77h3^'J? 

T ii^n >y a jK y tco v SSt ft i fc v * 

A 1 , 7"0 >y ^ 3!jf y V-^M-Tft Kttli^W* 4?"7 7 
[00 50] 7"n >y V— 7 h V— 

{±a^ofi^T-^T-§ ft . Lv^Sfi y f 
y^ra^ffiTft* . y t>^T-^-ys^47t(i: y f 

•fr , fi&o^E j •?—&m<x.mzm)ia-f ft ^ 1 1 «t y 7'n . y 

(i . trrvWfc-^Hrt*^^ ^'x>-^r t"^XS^& 
* J 4 fcliai*tt 'J rfv-n^'+f > ^ y * i: 

fflv^tLft . y "5 ^^K-&ffi*Mv^ ft i b i>x~ 
§ ft . y t> ^a^-cii. y v-jt£» 

* fcWflW- ft i t ^T" § , ^*^<^^V ^ 7"n ^ rj 

^ y v-* ^fig-r ft i fc ifi-c* ft . y tv^m-^ffi^ffl 
i > ft Btzu . mm*i&mi~ h y ^ a^ bornm 
l . acBoast^^sHfey^'Sr if w ^"7" y y ^ if <o 

^^iOS^^aA^ISih-rft^iiA^Lv^ fi# 



(8) 

1 3 

m±cDto&kf¥TX'ft -ozt imt. lw ms^mt. 

[00 5 1 ] fX3 -y 9 3l?y 7 h 31? 'J 

a^y^-SrSi^-ttftiiiKcfc OMtS^itt 
#ft 0 l J7?f^7"at 7 >'y7'»\ 5 10 

it. i n sit ut7'D7;ia±7'77h3^ij7 

fztHMBMfrmA ztitz ai? y fc b * y 1 &m 
^■u $7vmftmmm$:wmi-&mmT\ turn, mi 

■&&Ztt,z£ 0, in situWJV-AtitriJV 
— Bj&»4>2r4 yn -y ? ttz\i9"\7 ? b 3*°y v-^jjg; 

5rS^tl»^t(:i^tt, in situtyn^? 
3l?y 7-i«iy'7 7 h 31? >J <r 

[00 52] 1?y v-Mif 0 LSSSW-i-fKWSrKf^ 

[00 53] ULhOi a 3r:/n -y ? 31? y -7-^57 

h 31? y ^-co-£f%jTm±-%tw%7 i/iuvn&mzvc 
^xmw^^)Vif'^mts:tz^^ ^zmmMv<jvx*m 30 

T ^ £ . L?& 1 L, m^SHO J: r> fcfftnMWTC) Eft *«iflr 
^Mj§^--S»^if-Ci±, 7'n -y ? 31? U 7 h 3 

1?>J v-£flftvf fc+*sS«ffl«Sfta36«»^« k#i 
£>;fift 0 

[00 54] 7"u >y ? 3l?y V— *?7=j 7la^ijv- 
fct, ^^^ArJ^U-e-hM^O. A1?y^Hi#<g* 
Ltz Affl t B 1? U v-jftWKifeLfc Bffi t tfggsiWfcfl* 
MLtiffim (5?nffl#m*it) £ffML#ft, -*<9 
1? >J ?-7Vy F Ti#£>*lft ffl#« ( V ? nffl^St ) T 40 
J2 2 1^ y -7— «*^^tc4Mli*C# ft fcWMSFWtc^ 

7l^y v-Tl#^ixft 5 ? nffl^ffijttcfc 
[0 0 5 5] 5 ? affltfl«fl3t< , JB*<?5JBIBife:-PV ^Tt# 50 
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HJTffto 01 (A) fcitf ( B ) (i;. #'jXfl->- (P 
S) -IflM^/t^^UL'— b ( P MM A ) 7oy? 
31? y v-coM^FBKjSSMI ( A FM ) 0 . T 

mi> LKimmmm. < b ) «s sxigitcworm-nkest 

ructure) fc Bf {fftft . 12 (A) - (D) (iiflEWtM 

fc $ ? affi^iiffijt^^ia-c-* ft . ( a ) immmm 

ft . ( b ) te^y yr-mmt mm, 
xnwmmzwm l < M^•cv ^ ft . ( c ) i±> ^ 3 

yf^-a7XiitnfKM„ (D) ii^^^ffiiti: 

pf jf ft , a ffl i; b ffl t i^ffiicsBii l < mm S ^ 

ft. 

[00 56] 7'n 7 ^ 3 ^ ij 7- J 7t(i7 7 7 1 3 ^ 'J 

T"§ft. Mi(i\ 7'a7?3,-Ky?-Jtii777l3 

±mmm&mrFcoi&3zx'T~-juLx s ^ nffi^its 

1^yv-co^Sr^>'5< Dfc= J rA'Xh§-»i:ft^fc*C5^ 
n«4rtt«Jt*JMW-4 £ i: fcT* ft . adf'J 

~—>VLX 5 ? nffl^il«jt^ffM-tft iHtH. 
[00 57] 7n->J ysdf>X(Flory-Haggins)^) 

am t «t fi.tr, ai? y v-t$ i v b i? y v-^^fi-r 

ft tc(4S#<?D i *x*;l^f- A G^iEtc^r 6 ^cttftif * 
A>^rv\ A^'J^-t B^y v-h^WL^< <. 2 
ooityv-M<o^^v^ffi^lSi^*a^L^v\ 
4 . 7'n >y ^ 31? y -?-c?)fi^rJS^# t i: 5 ^ n 

§ft« i«R, RiG^fefttsiwtaw-wiifs lawfloj? 

y v-fc «fc oT?FM$^ffl^«jt^«$ixft i £ 
[0058] A1?y V— is j;t/B1?y V— <7)fflJ^fct^5 

i^sitJ. atte, -^oi?yv-oiiB!c^#^c 

flfiti JFM-f-ft i i: I4H(W*^3&«* ft . Uc^t . 



(9) 

1 5 

[0 0 5 9] U>>U rn^y^n^yv-^fiJI 

mm & lts^-t & ; t (i^gcHitft s . * £ 

X\ ^f&^tifzfxj v ? y ^-c^^MSrSHS L . 

v Lxmrnt^mm lt t> ± v\ y v-co^jp* 

li, rn-y^nrff'jv— 1 o oa*gBfc*rtT, 100 
MSg^T, »4 L < it 5 0 fiiSPOT . i 0 »4 t < 
i± 1 0 fflWSfilTfclft©* - * . U v-<oj6ftlJL& 1 10 

[0 0 60] ^07^3*117- tAMM"* 2tt 

'J V-«Stli^ It^h A-B/n-y 

? 3 # y b A 'J v-<offl4Hi!6*iBi 0 5 & . 

A^tdfJv-^T'i/i'b'tSfc, 7n-'J — v ^> 
xcOjJct fcttSx y h o t°-if^ft<7Mi#b*c# < 0 , 
A - B yo >y ? n )J i: A^^E*r U v— i: 1 

St, A*t^iJ?-^filt A-B/07?a^ 
,j A^ U 7-^fl« 2 / 3 <£ 0 /hS 

l^tWDSiL^. — A*^E*°y v-cD^M 
*U 0 0 0JTHI§i:A-B7'n7^a^ij7-(?)B^ 

3oooJ2Lh-c*&£i:a j J:9*f4U*. 

[00 6 1 ] *?6 B Jw^-yffM»W^&3Jl£- 30 
t t £ . »?Stt»fcfcfct»fc*:£ &*frf fi<7) 5 -b;l-3r t' 

[0062]7*o.y? =?^U 7* 

iffiKTi^ifcAfaiHf^. iKuv-«^aL^)JT*« 40 

2 fflco # U -?-MO?gft?JS^ n° 7 X - ? - oi« 2 Sit .It 
till , 2 ao;J? U ~?—M<r>MMW — tfOH ?&vj^ 

[0063]7"n.y? y v-eoSWHifHR-ri*^ 
fctt, %H§JK£WK"C*4J:'3fc:, 1 5 0 *CJSLb<7>lBf 
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[0 0 64] JBJIT, ifmfAZii^xm^ixh^-y 

U 1 « ? 9 7 h # y -7 - *» 6 =Sr h > n° ^ - V ffi$L 
^-ix^'ixco^ey v-Jp.fi<?oN/ (Nc-No) ofi ( c: 

Jt*-' l . 4 ELLT* S 2 y -e-il^W^-S 7"o - y 
0(7),-f° 'J N/(Nc-No) CO-fficOirb^' 

mm~t&* -t^h-h. ±.m<?>mftiWiK:-i-^?-yBf& 

[006 5] liiT, N/ (Nc-No) b^oJUX — 

^ - ^ — ti , ^ y v — CO K7^X7f y ^Tff 14 ^-T^ 
StS) D , C eteifrk S v ^11 if H 5 -f x y f - y ^tc ± 4 

ffiT-TS) . OiO, X-yf-y^jSS Vetch fcJJE^ 
VetchCKN/ (Nc-No) 

fcV^BUS* 4 **. itfOffllnUi, Ar, O2. CF 4 , H 
2*if<D««X >y ^^COWitCiJ k/CiifS* L% 
^(J. Electrochem. Soc, 130, 143(1983) ) . X-y^->- 
mtLTIi, ±ie^KtiatgSixT^4Ar , O 
2, CF4, H 2 0{JM'C C2F6. CHFs. CH 
2 F 2l CFsBr, N2. NF3, Ch, CCh, HB 

[0066] TIE^^$r#MtTft#:e^^-5^-^ 
-fflSrlfff-rSo rKyxf-ivy (PS) OT77-ffi 
(iCsHsffc^*^ 1 6/ (8-0) =2T*I>. *f'J 
■iVTIsy (PI) £7)^7-7— ^.fifiCsHsT*!)^^ 
13/(5-0) =2. tT^)*97 V)VW* 

1~)l> (PMMA) 0^/7- miitCiOzHsTh^ 
615/(5-2) = 5T"fcS„ U^ot, PS-P 
MMA<07"n7?^ij7-tli, P S0X7fy/'I 
tt* i «< s PMMA^^^'x.y^y/^ix^-Ti^ t^' 
^"C* 4 . C F 4 Sr 3 0 s c c mOiSMTit 

L . J±71 0 . 0 1 t or rfcRfeU 3fttf»l 5 0 

SItiS 3 0W, (J7^f -f 7/ * yx «y f- 

y^(RIE) k. PMMA{iPS(CMLT4± 



1 7 

[0067] 
[ft 3] 




(PS) 



(PI) 




c=o 

I 

? 

CHj 



(PMMA) 



[0068] I3t, #SW?U V— CON/ (Nc -N 
o) ffi> K^X y^yy*mKkO|ig^£r^-f EI3T' 

EL-N= (SomerX^tt. M£h&) . PMMA = *°y 
'J/Hb<ir7K COP=/iJyy;^^^iJl/- 

h-a^/iy?"? U Iz-ha^iJ?- CP- 3=y<^y* 

U h - t -^/kX ^^iJl/-f3^'J -7—, P B 
^yO^/k* y'y* 'J K FBM=rffiJ^t7 

/kfrn 7^-)V* 9?VU—h* FPM=^l) ^/ktuT 
otw^^yi/- K pm i PK=^'J^f;H 77 
n^;^by, PS=rftyxfi/y, CMS = ^nn 
^f^Wbtfyxf-ky. PaMS=^iJ«-^f;Wf 

i/y, PVN=^ l Jb-;t/f7^i/y, PVB=*fyt" 

-^h"7x-;k CPB=gWJ7^yxytil) t 
iCOER^SftSidfc, VetchOcN/ (Nc-No) 

fc ^ 5 nffi&ric K>±~oZb tfitofrS . 

[oo69] HRtc^sait^raifr^^v^u^ 

- ? - offish § < % S . ±IE W y< - * -*» £ *>3&» 
^J;3l:, 4fJv-4>WK?l^^ (±IE^'5^-^- 

jMfiLhT*. £#ifc*tU Dalies'** JWdtf-fiRJE 

tts&wv *° y ^—tpcommw^ tx7fy /}$ 

#>„ X. (f C F 4 & £CD 7 -y fft^cDX -y f - y 7 %X £ ffl 
V ^ t . i/fiJl/CDfeMlZi. <0 F 5 
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U X -y f-V^tBB-i"* 5 ^n^flJJIrt- S fcftX >y 

[0 0 70] Ltzifi^T. b'y^fx.vfyy'lS^ 
Wft^flWrrn >y y* 3dty 3r#8££WJ 

10 <ttia^77-^f|,;ttJ;^«§^ 

*° y 7HBm*i4 . Ty* y y v— 
[0071] ±MLtz i a ^^-yMffl^as 

•f-s A*°y ±t;B#'J?-I«N/ ( N c — N 

o ) ^°7^-^-coJt3&U . 4fiLhtr**Uf. x-yfy 

J3Lh. 5 6tc2jaJiTiMitr» 2l«'J7-#:tX7 
ao^y v-M^xvf-y^jBJKlttil . 3I2JLh. 

yjastmsaww-* a*k y v-«ts ±v b *° y 

CON/ (Nc-No) n^yt — ? — Ojt^l • 41M±T- 

ft*uf, mz&mjmzv-vyrLfzK), &tit3w 

[0072] x 7 fymt LT^iJx.{f02^i:'S:ffl 

■y f-v^ttoafvvK y v-sa t Ltt^-( y 

y-'y-#*^y^-M^fflv^;i:^#t^ L\\ ^ 
^idfJ^-It LTii, *ry ( P -b'J^f^y'J;i 

7t uy) 5: kc7)#y- >r asms:* y i 
^;py< 9 7 y y- h ) £ ^ap yy#*r ^ u ;i-^^ 

40 'JV-i^'ffiL^ 0 

[00 73] K7-fx>y^-yy v, aJSOj|^§V^2«Jil 
±C0*° y v - Sr -t-tf 7"n >y ^ a *r y 4 3t i4/5 7 
V a *r y -? ^ s «»a7 - yfifffl tco v m 

mm&ntf y t rn -y ^ 3 *° y v-s 

^i4y*77 la^Uv-mt^. 
[0074] 4fJyyyIW^7'a7^3^y7- 
{4, f^JxJif S. Demoustier- Champagne ^ (Journal of 
Polymer Science: Part A: Polymer Chemistry, Vol.3 
50 1, 2009-2014(1993)) ffBtiULX HS^'JXf l/yl? 



( 

1 9 

ut i 9 9 9^BMt^^m 7 6 mm¥£ mm^mm 

I mS[##4 B 5 1 3 ) a&WSLTV** h J^l^ 
CO >J tV^fii^&Sri; X -o X i tfiTZ h . 

[0075] ^.wm^-ym^mfA^m^htih^ 

[00 76] 
[^4] 




[0077] r 1 , r 2 s r 3 , R*(i. zti^ti 

JWHiSc 1-20 (DWMt tJ,&$m38l<F>T)V*)Vm. T >J 
[0 0 78] *.°Uv-^y{i:, ^t^yT-t-t^y^ 

3sK U V-T" i>=t<, 2 aiil±^*° U ^ 5 
^ycoMltZlt^ iKU (^f^7x-/^5/-) , *°y 

i ti t> y > y A *s 4 tA"7'n y ? a df y sfitei ix 
-?-S:«j£-f £ 2«J3LL<WJ vHB<0x*;Wf 

=¥-*StttLTH#«ttc7)*f U £ 7'p -y 

4fcJ4^57b3:KUv— x 

Uv-JRIi. ifflKiKt^ifc^x'y Nx 7 fy/itli 
tc 4 o Tt4. F5-fx 7 fy/7a-l:X^il^ t, co 
[0080] /n «y ? n^U V— (4 2 Olil±OrK 'J V— 
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2 0 

ammrefoz. l*»u y-xf-i^ (ps) t 
^y.*?? V)vm*^->v (pmma) t(?)7n7;^ 

y V-fcVF** IHW-r* i: . P MM Kay^Mifimm^ 

&fc^)T**ttr, »tlRSS*ii t , 7KIIltit» 
y (MI B K ) . SLKx^t-, T-fehy^f'^'ffli^ti 
10 rnW^3-^ ( I pa) *if<?5ffi(0JffiHEta&L 

[0081] yn-yfatfV -7—4^(4^7 7 h 3*ry 

(4, ffifIL inyl, it Jf^^r if 

^KJl6£S*fflV^S £ i: h . 
[0082] x^;l^f— He ioTiMjf-r&TKy v-ffi 

30 ^iJWb, sKU^^^'J/kTSf, * ,| J^f;HV7° 

v-ji{4$ ib^z±m^mmm^K ttz. y 

^f/w^^ijy-h, *°y hij7/l^n^f;l- 
a-T7VU—b. sK'J h'j7;Wnxf/M^^'Jl/ 
— *^y b'j7/l/^nxf;k-c(-T?y V— ^° 
yiy7nnxf;i-a-r;yi/-i^}:\ ^^^y 

[0083] 7'n y ^ ^ 'J "7- 4 7^(4^ 7 7 b 'J 

mommizj: *}mtt-&tfw—i±zt,tzm± u\ x 
^ y b , & y r 9 y ;i^r 5 p\ sku ^ f/ph_ 

50 ;tx7" h yt£ if sK 'J -7-iI<7) « fib&t**c* 4 fc cO^M4 



( 

2 1 

T? yiyi t'^SS^^ttS*- U v-iTCt» i 
^ S6Kl4#yy/l'#/l'*>\ *°y ^n^f-if 

[0084] x*rt^-Hfctf)(t>T-*>fiffc:*F*i, SR 

co^& w^k? iic»*t Jt3tt^4«^-fc: t ##te^r» 
i «r 2 ffi<ort<^ i tt&Wrfu fc =fc -5 t ±«^»-r 4 

U U-hjfi^UV-Tft**^, A^ftgflc^y 
v-t^-T-So Lfcj^-o-C, yn-y^rj^y-e-^" 

^St£{EJtLT5ji&^4i:. 3&7C«jt£S£IUi44 

4 i fc 3&*^& 4 . i co J: 5 ^SIiJiE L v ^SSbWBjS $ fx 

[0 0 8 5] *-y^fi/y (ps) iMf-zk*:?? 
U I/— b ( p mm a ) coy'isybtfV^-te^m&m 
9tTik. p mm AcofflOif .x f-;i^£MRJi LXA)Vi$> 
Mtc* 0 «tt#3£flr*-4 fctf> . JW5f coffin* £ «4co3t 
Wei 9^^4ifciiWt*4, L*»U ^iShL 
TAr FX^yVl/-f- ( 1 9 3 nm) 1 J 

/ c m ^ LTt^-c t> . m i %<r>mmx 

^a* i '^fflM-4^-rr^rV^ 0 X*/l^— <75ffiV^K r F 
X^fy7l/-f- (248nm) T'(;±Sfr3. 4 J/ cm 

T"£>4 lift (36 5nm) i^igl (436nm) T 
Ji, (fflM;*^/k»±fI^O&i^4;fcy:&^o — « 
^^ffcl^XMCiSUTti, ArFJtlJKrFXif 
y-71/- if— ^MV^^-fcrS^KfiS 1 1 0 m J/crn 2 

W4 . 

[0086] 2«ja±«#U ^-iWMt^WtClS^ LT 
V ■> 4 3 U CO o -h—Jjcrytf U v— ffi co^ Sr l&irT 4 

co J; d tHUMfcT^U 4 &x 

v-co-^rcoffico^.^ (fc**-* i t tt^fKtfflSrc* 
4. 4fc. SS^fcfetfUv-fc^&SSatt#l^fc 

4. #^#^h-c0^h^^PlK^4«jt*^O^n 

TK«*fc4W!r$- 4 rt? 'J v-«tiHRt 'J ty^^Sr 
4f*qi L < . Wl»fliWi«l«»*»if) 4 . 
[0 0 87] ±3*L^i St* 1 ?*, X 

*afcl4rlWdaSJe*^5ajitt3WS< . ^-SRJtEcoS 
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[0088] n^m^mmmmtzmmzti^^^ 1 

00Gy — 1 OMGy, §6C1 kGy-1 MGy, f 
(CI 0kGy-200kGyfciS£t4;i:jWff4L< 
I * . R8«*3&^* V * t iMWfcK D t 
=Sri\ JSItfi^-T 4 k ftM&tf U v-»04WI**jS 

io [0089] m^crttmmMitf v*?-timfocomz 

fci-sTSWr** 1 . 10nm-i+/iingI«7-(;lA 
T"l±2 0kV-2MViI, 1 0 0 jumJilhcO:? -r^A 
^^^fiJcff^TIi 5 0 0 k V— 1 OMVf^fi L 

0. «^lt^M$tL4^t(i:. §^(cjn3amj±$r« 
<LTtJ;v^ anil«J±coS^4a^co«^^BS^t 

[0090]<5:(:, SftiMWtJK'J vHB**t*^n -y ^ 
20 a^U7-4«i/7 7l3^'J?-^ti^-y 

4 ; k t>m 4 l ^ . mim&# u^~mt mmvt^ u v 

-Mi: coii*jBfigc?)iS(i, 1 0 °C&±, iff 4 t < (4 5 
0 X^SLh, S t izift L < (4 1 0 0 °C£JLhT#>4 . i d 
T\ Sft^W^tii. imJC. Wtt^xm?ITT"3 0 

[009 1 ] JRiMWffcK 'J SD^tci^T^il 
30 ^-TOir§^4tc0j&W4L^o -77. BKrffn-I 

±Tft 4 , mimax y v-i^Msgjiira 
4 *:« 5 jt^r k wrnm&mizmitt 4 ^° y 

[0092] JRiMSPttsKU^HKtfSWtJi. ^'Jxfi/ 
5^ H , *f y To b° U is b^kcr,^' y x— -f 

^y^^^y^xxr-^fc'coT^y/^it. a 

^y, r^y^Sffli^m, ijt^^fciow 
[0093] ««tt^ y v-^co o ib§m&# y ^-ss 

co^Jt(4. jJf'JT^Unx by;k s a-^n^WtT^ 

y n - h y ;p^r i:"co*° y y o- h y ^° y 

r s fss. >if y >r 5 b\ y r~ y yiewtc ^° y a-7 

7 3--]/>mmfk. dfJy^nMfy'xy^t, ^ 
50 <?5iK'J^-«iS^nffl4Mitfc», ffiM^T-UD^LT 



(13) 



2 3 

r ffl v ^ ft i i: # ft o ^iillt. & ffiit-r ft tz y> ^ y# 
[0094] ;tL^c7)if»i4*f y -7-M<7) a , r 

y r ? U n - h 'J ;l-J3 J; tfltf U ^ ? cKs^f fy'x yfi^l 

[ 0 0 9 5 ] *r V T7 V n - h V /HK**"^* 7'n -y ? 
a^'JV— ii, fljiff T. Suzuki^ (Polymer Journa 
1, Vol. 14, No. 6 , 431-438(1982)) <7)^T^tC:J; Da 
j£-fft<r£j&*-C£ft. itO^&TIi, *3ghh'n^y;p 
S£ 7*—* y-ft L fciK y xf - 1- ioj-^ if<0JK U x 
--f^£5cJJ»£'J£: LT , T9 U nx h V fr$S.&t 
%>zt izj: 0 /n -y y -?-££-fi5c^ft . 
ij n- h y ;HB£*-Tft ^9 7 h atf y v-(±, 3df £ 

tff y xfu dp F 4 fcttsK »J rn t u y^ >- 

ikizi. ot^lttl-rt^tl ft . sKU T? U n- h >J 
2 0 0°CJiLrJ? 4 L< (±4 0 0 rjjLLoi&g-tlfc 
»T S fc s t°U y>M^ 5 ^-tfaWftjtf 'J v- 

[0096]*-iJ y n^f yxyiSM^ ttS 
7'n7^a^ij7Hl ^n^-tf-^xyli^fls^y 

fflV\ 'J t>/i^C j; ; J: ^'tl I. „ £<3 

fc, *° y y?nMtyi«i, JfflRfc <fc 0 *°>J 
^97*— I'VfcHEffcSift.i. ^^n-^df-tf^xyf^ 

[00 97] 
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R^OO OOCR 2 



4Qh 

r'oco ocor 2 c?K«;^— ) 



10 



20 



30 



40 



[0 0 9 9] ^'Jy^n^fyxyiifttU, T 
S hCDhltmTfc&o 50 



[0100] 

Mb 6] 



V 

o 



[oion ±iicolkm£t l z7jkZti& i , 4e 

fztzL, 1, 2fiT'iSiSL^ffijS, 4^{±1, 2fiT'3S 

amtatfl-fc 1 . 4fiT-iSiiL^gi5^i:*% H t ffi^-s«3t 
*irr 4 ^ y ^ ^ o^t ^x ymmi^m t>mm>zt 

ft . rffJy? n-vSf l^^x vflHWIoK U 

t^^f'J 7n tl/y^ y FiI*^afKStLft SfeJMStt^ 

[0102] HSMfeKy v-Ht tT, ««*Jt(i±« 
* tJOftt ± -5 T^IS t T MSfttt WPflBt ff^^-r ft 
gfl&£*-f ft*?!* v-atfflV^ifcj&fr'S ft 0 Mi. 
(f . fcJ4±JRt"5. U U >"S-^^^t-ft t OS: m 
t:ffl^ft^i:^T-#ft 0 ««4fci±±«fc:POS 

S (Polyhedral Oligomeric Silsesquioxane : jff'JixO 

ft ^ U v-MSr m v fc J: v * . M i. {f , TM^Mz^k 

[0103] 
[-ffc7] 




[0 104] ZZX\ Rl&Httzl&Wffitfti&PSj&CO 

fWIti, yf-^K. x^fs. -7>;i-a. -f yynbvu 
S s y^^;P*^i:'T"ftft. 

[0105] MftffcK'J V-mt LTMy'xyt77 

i^aiaaufcKye-fcLTti, 1, 2-^yyy 

yxy^'i fc *R«fc:fflv * & . U y" ^ a** y if s 
tfa^y-v— li, 1, 2-^ l J7yyxya-.y^(j 

1 , 4 - 'J 7" y S^'x y ax > y h 3arf#/iTl 
WK L^L, 1, 4-WJ7^yxya- 7 MJ 



( 

2 5 

mmmz.m&tzfr>, tfyy^y^ym^^y^—^-- 

>- bSS^^nTS 7'n ^y? U ifcli^ y b 

7Ktt. tfV^uytti/VBMM7ktiX*fo&e ^cofz 

[0 108] 9^^;^^J{ift^W^{i#^Ktt 
T*£> & . . y *}Vx**JV* b yr^ 

^^yv, yyu^^yy^—^^yv, y^jvyy 

r-^i-jUT'thy^—^y^Hco^rh 
yj^^yb ; l , l-tx (t-^y;i/A 4 ^ 
5/) -3, 3, 5-b>J^f^y?n^fy, 1, 1 

-trx ( t -^y;w*— ^-^y) y^n^fy, 
i, i -trx ( t -y^;^^^^) -3, 3, 5- 
b y^^^-^u^^y. > ; t - y^/w^—^y 
-2-y^vyyxj^^-y, 1, i-t'x (t-7'f 
;w^—^^) i^^n^^-y. l, l-trx (t-y 
^■ju^—j-^y) yyuv^rfiy, 2, 2 -ex (t- 

( t-y^;WN°-^^) 7S>l^-h s 2, 2 -bX 

(4, A-y-t-y^tv^—Jr^yyyu^yiV) 

Tur^ytzE^ri—^^yyy—iV ; p -^y^WW 
Kuy\°— y>fV7nb°;Ky-fe>A>f Kuy\° 
-^-^r^F. 1, 1, 3, 3 - fb7^f;^f;l/A>f 
bur^^^yb ^ ^^wWb'n^^yp, t- 
My/WN^f bn;\°— t^yF, t-:/f7Wvf Pda° 
— ^SyK&fcVVvf FnA 0 ^yK ; a , a' -tT 
x ( t >M yrobVKy^'y, 

^S;Wn°— *^yh\ 2, 5-^^-2, 5-tf 

x ( t -y^7\°->r^^) >v^>\ t -rr^iv? s 
/w^-rt^b. y-t-y^/b^°-;t^b\ 2, 5 
-y^f/H2, 5 (t-y^w^-^y) ^ 

^yytztiCOyTlV^JVr^yf^yY ; >f V7'f 'J^A° 
-^^K. 3, 5, 5-N>J^f/KW^/WV 

t^yf\ xf7n>f;WW^yK x^-«y;?T 
=y^ b\ m- b;w-f^ryK^yy^^ 

;\°— ^ ^ b s < y/^f /t^°— b & gcOiST *s)V 
ri—^-^y}- ; y-n-7nb°;l/A°^ ^^i^i^ — rff* 
— K ^VTubV^^^^^^-^-b. b'X 
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( 4 - 1 - y^ivypu^yjv) ^—^-^y'Jfi—tf 

- b . Jy- 2 xf/^y/W^t^yy^-^^ 

k y{3-y^)V-3-yY^yy^)V)^—^^y 

y*$—tf*-b%£(D^-X3ry%-7n*—h ; a, 

a' -bx (^x^^-f;b7^^-^^) y-fyrnb 
/l^y-t£>\ y S;Wn°— t^y^f*/x^h, 1, 
1,3, 3-7 x b5^^b7>;b7^^-^^^^-bx^ 
10 yx^f, 1 - y^n^y/1/- 1 -^f ;l/Xf 

^yW^yx-h, t -^^$y/t^°— ^t^^^M" 

K t -^WI^N-^y-bvsV-K t-X^;WN° 
~^^b°Au— K 1,1,3, 3-f 
^7Wn°— ^r^^— 2-x^^Hfyx— K 2,5- 
^y^;b-2, 5-by;(2-xf;KW>f;W^ 

^Jy) ^3^->\ 1 -yyn^yll/- 1 -y<^X 

^-^y- 2-x^/i^v^nf yx— k t-'v^ 

y;Wt-^^y 2 -Xf;K^fyx- b . t-^> 
20 >J-^r^y 2-xf/K^fyx^h, t-7'^;b 

^—^y^yy^y—b, t-^y/ww^y^ 
yrnbv^y^^^b, t -y'f/i/A-t^yy 
y^yryvY, t-y^w^—^y 3, 5, 5- 

h'J^f/t/^fyx-h, t-7^/t^°— ^^^^7 
ly-b. 2, 5-Syyf^;b-2, 5 -b'X (m-WH 

;b7^—^^) ^^y. t-y'f/w^^y^fyy 0 
nb/Ry^-w- b. t-7^;WN o —^-^ix 2- 

xf;lA^y;Ry*- b. t -^y)VJ\—^ 
^y^yyx^h, 2, 5-^y<^;b-2, 5-b'x 
30 (^yy^iw^— tty) ^^-y, t-y^jw^—^ 

^yyx^h s t -/f;ww^y^y/x^h, t* 
^yxxf/^; t -rf-zw^— ^^ry;^y^- 

b . t - 7>;b b y y< U /^^—*^f ^ b . 
3, 3' , 4, 4' -T-b^^y (t-7<?;W*—tt 

y^/WW7i;y, 2, 3-^f-;b- 
2, 3-y7x^77y^J:^^tfo 2, 2~b\X 
(4, 4-^y- 1 -y^;WN°— ^^Sy^y^a^^) 
40 7o^y, 3, 3' , 4, 4' -fb5 (t-^f/Wt 

— y% )V^:^)V ) <yyy ^yy^ Eco^tt? "J 
rybx^ yyfn- b y^^^^iiK^^h^ 
[0109] y'j^jv^m^MMmt, mm^ ] j v 

— »=*TLT0. 1-2 011%, 
50 [0110] ^fftt*° U ^IJ^O^^y y 



2 7 

[0111] ZCOm&frt>* 1 . 2-^'j77yxyI 
t *r ij xf- ]sy$-*is tzlitf U 7° n t° k is 
FlilW/Dy^ajIfiJ^-C, 2, 2-b'X(4, 4 
t -7'^;w\°— ^-/y?n\^ :k;k) To;\°k 

£fct23, 3' , 4, 4' -f h7 ( t -7*f7l^\°— * 

/i> )^/7iyy^i, 2 - # u y 9 'J 

l\ 1 , 2 -sKU 7'^^X>"C0^'7^i5^aS(i*!) 2 o 
°C. *f U xfl/ y^Jf >- His itfctf U 7°o b°k >-:* sy 
Y(D$7^m3mm$0°C£\TX*fo%>. 2, 2 -fx 

(4, 4-y^'- t -7"f;l/A-^yy?n^y/P) 

7nA'yt3j:t/3 , 3' , 4, 4' -f b7 (t-7> 
{±13 9°Ci3j;Vl 2 5°CT"£>6. 

[oi i2] ±ieoffl^!fii*^ia*>6 5 o'caircjifflR 

4 Tfft * teams L , U v -II £ L T 

3, 3' , 4, 4' -f h5 ( t -7"f;lA- ^jy;*? 

[0 113] sKUT^xyfcfc. # U y< f-;k* 7 7 U 
k- Y =3r Sf tfO a - y< f-^T 7 'J /WifeK U ?HH i: s&» 6£ 
jyov^n^yv-^ffl^tlJ:^. ffiU.fcf, 1. 2 
-jKU 7' 7 i?x.y&b tf<J y< *7k* 77 y k- Mii;^ 

yrt-y ^n^ijv-t, 2, 2-b*X(4, 4-iy-t 
-7*f;^N- ^iyi^^n^^) Tovtv^^Ji 
3, 3' , 4, 4' -f h7 (t-7f;lA-^Jfy^ 

<yy'7j:yy^, l, 2-^'J77yxy 
LX 1 ~ 5 fiM%?3sJP Lfzm^Th h . *° U * 
^-/k* ^?'Jl/-Mil0 5 5 Ci: JtRWiSV 
SUE**-*-***, VHftSIHIrt-S fc4M!W-4fc«)Jt« 

U yf *vkx 7 7 U k- h T-{± . «;^*Mf £ i Si^HP 

[0 1 14] ;tfU7'7^xkilh;tfy;<^;k><7 
7 >J y-MWo7 7^y^-ig?gj&>£>}§^£*?>- 5 
<0IS»S'frTJMl*JBJ«^4i:, 7x-;^LtM 
=5: 5 7 nffi#«flBt £ JB*W S Z. t &X & 5 . i <0*§ 
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tcj; 0 5 7 offl^Hiai3tco»j«*«RH.*SfL& >! t a** 
i># 'J y<^-/kyt ^ 7 U lx- h fc H««rfft*6«»6fi 

-So 

[0 115] ^'Jy<77Uly- h^'J a 

10 j&^CS £ . Witf jKU n-7Dh7W 99VV—V$5k 
Vtf V n - 7 "f-Zk* 7 7 'J k- h tfD^T9^|pB^BIt(±, 
3 5*0*5 itX 2 5°Ct'fe£o ZtDtzHb. -tlt> 
<7)^° U iS£#tf 3 *° 'J v— (iiSTOTx- ;^nT 
IB^*^, ^f^S7nffl^gt«it^ffMT-t£« 4© 
ifiy^vtt&ttfztfV a -^^-)VX^-Vyh\&V^"79, 

k^?sjs ^ j&t . jtsiHBb^ 6 fla «t o # ^ r /i-3-;k*T-« 

m§n^4"°U777 'J U-h(±$fetfiVW^^«cBPiB 

< : 5r-&o *f'J n-7°af;^77 U k— K 
20 ^;Py< 7 7 U k— h . *° U s - 7'^^^ 77 'J k— b 

«t a ^yt^r^^ST-amsn^^u y< 7 7 >j u - h 
^oL^-r2k#irr&^ n- 7^/^77 up- 

-h, ^°'J s-7'^/l'^77 l Jk-h^'fti>»4LV^ 

[0116] i&^tfyxmmmtmTmmmzx&M: 

[0117] ^MM51S&mS:f#£^a6t«^^HS*f 
1, 2-^U7 - 7iyxy«[(±m : ? L ^=fc'5T 

<. ^<^SuL : Sc-<Ti i^. 7iy"*;k^MSr5fe!inb 

[0118] asSBO^Wfcli, tX7H 5 h\ 
40 T^'Jk-K #1-^77 Uk-h. ^W^-Mt 

axt^s i -H^^*-f-^y--f*^^i;'^ 

#in£« t'7.Vly-f 5 KtiBSRttODjSTflfch.T 

V^S. b'X?l/^f 5 HtfO^jm, t'7. ( 4-71^ 5 H 
7i-;H y<7y. b"x (4-7W 5 h*7x-/H x 
— •f/k 2, 2' -t"X [4- (^^7577x7^ 
is) 7i-;W 7°nvN°y, 2,2' -t7 [4- <;n°^ 
TS77x7 d fk) 7x— ;H ^^yiv^'ay'viy 

%z&i!±ti&. smmnmmn. mm#w-m 

IzMLX 0 . 1-10011%, §^tl-20ll% 

50 x*fo&z\t mi 4lk asflwotfiiMrM- ar * t aewapJK 



(16) 
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&>h$ < , r £ i: 5 ? nffiiHIffilisaii^t < * 

4. 

[0 119] 1 , 2-*°y^^xycD^fif#:{i:. KSfc 
*rev^4. 1, 2-tfV7'? : J^>mttfV 

* U ^ ?7kX * ? U A. Sr 4 3 sK U v- 5 

#?uf«£#c£ fmtz <wzm l x i > § . sus* u -?? 

[0120] HSfctt!* U-e-tt^WBffti: I/O* U ^5 

tk. i^'Ja^wq h ( s i c) ^j£§ix4o 7& 
m^iitzs i o 2 ifcfis i cjiBfw^WJRS*^. 
[0 12 1]ff4LWJ y7y»Jli^#IiH 

[0122] 
Hfc8] 

R 1 

I 



[0 12 3] ;;t, R 1 {±^Hf*6-2 o«oa»4fc 

[0 124] ^iJ^yat^yxfuy^yMi 
fcttsK U Totvy;*^ a" Kifc&^Sr* :/n >y ? n^'J 
v— &fflv>4 .1 i: ^ffi U ico «t 3 i/o >y ? n* 

it^'SE^$tL^S i OiJHiWHii&ttS i Cff)W—> 

f-y^tsny^b-o %-^k^^mz^f o zk&X'% 4 <, 

[0 12 5] sKU a^yMt-fr^fcasKU^-teli, 



10 



20 



30 



40 
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(DmsfflL Wit* 77-1/^3 , 3' , 4, 4' -x 
[0126] WSfctttf U V-ttaflflBflefc LT*°y i^n 
< "T4 £ 2: 4 . WOUZTA'a^jvm^^thi^ 

[0127] fillet h'n^^;^t^{±r;kn^^;i/ 

*£rw-f 4*y ±t^iKu isu^y-ymt* m. 

fct&ZklzXiXS i o 2 ^s i 02l«ISI2 



[0 128] 
[^9] 



OR 
I 



OR 



OK 
I 



OR 1 
Si— O- 
OR 2 



OR 



50 



R 2 R 2 

[0129] r 1 , Km^ti^m^zA-mw, 

5^) tckcntfVis^y^ tf'J (y-i-7n^yy 

[0130] ztibnxvi'jyMtttiitcvi'v*-* 
ym kiw^vyx^y u rati/ 

3 ^ y v- 4 7 h 3 *f y 4 t . 5 

^ nffliHKHB&WIE? § sfx^r s i o t mm&tfr *> * 4 

^mffiTO^r if =5r»fgSIJ*f tiiffl-r 4 - *«r & 

4o 

[0131] iitt^y l/OKU TS KRfcffl 

L , 4"° 'J T 5 HK±«t5l5Sir 5 71* 'J v-^^T 
^^'5 ^ h n rK y j&ggjRSn* . y T 5 HK 
t LT{±^Tbyf)lE#;^t-^ffl^4^i:^T#4. * 



(17) 



3 1 

*. fl!l7j7)*ffiak U^h^y/Hitfiyyx^ 
Wy^^y Y % *°y U V- h&k'Srffl^ 

4 i k 4 . . at urs Kih*sr s / m# 

V 7o b° ly y sfdf ^ h' 6 * 5 a jff U V -f i£# 

t ^ii-^-JtSr^x. s^tuots vumfrmmm h 

[0132] tLtt-^^ffif^tt^U vHRfcJft$WIH£ 

*?y v-iSk^ja^rffi^^oM^ii. sKL/T? 'J 
n - h y /H(H-^ "jxfl/m^ KM . iK U T ? U n 
- h U /HB + *° V To b° 1/ y %, Y M . # ] J* f-A- 7 
x — ;W y- 5 >-!!+ *f y xf- P y£g„ *r y a j-)V? x — 

x x )V i/ y >m + *° V x^- lxy^-^f KM. ^ 

[0133] vHHfcM&MfcKU 7-i*>t 

^*Uv-fflteBflMH*«£»3* , C«> iff* 
ttftlt k L T U . lilittil hL<l±^ commit 4 

v\ ^Jx.(f. ^yxf-i^y^-^^Kilk^yTnbi^y 

HBsWRiMWttT** ^ y j^j-v>** y mss* 

Lfc k S , «*tt"C* 4 Uxfl/^^j/ HffifcW 
LT 7n -/ ^=J7}f U LT»l£$-tM> k , 5 

iKJt##£>*i4. ^?L«Sjt*^mt#a^rk' 

[0 134] ii^ia^tt^t^Ji-f-cOHalBftco^Jt 
14, AJWMlSHl^, AJRT^ndfv-K^y v— , A« 

!Jny, -f^y. T/l-5— >?;ka-^A, y>-T 



10 



20 



30 
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yy77> fh^xhJfyyyy^ fl5^fV7n^ 
yy7 7, rh7^V7n^y7;lS- T >A. f 

hijXKyy77, 7abf;l/ h V X b=3f s^r^S — *7 
A^k'OT^/kT/k^^f^-^^y^t^^^ AJKT 
;P n *r is H ^ y v— «7) M t {x . *° y iy x h ^ y y a ^ T 

«W*<?50!tC(i. ^y iy;HrX^^-=3ftfy. 

/l^jj- y rj'x y . y y y^-bx^^-tfy- ( P o s s ) 3rk 

coTUi/y^ *.°y y^-fv^k^sixi., 

[ o 1 3 5 ] £*fu &mmyMt&MBs&&£.& 

y 7-«S ynffl^^it^ffM^'PIW^as. i07^ 
46, 3*fy v-l;Mf«iI7^3^ y k 4?t(iftli 

[0 136] £fz^ ^'Jy^tX^ty, TUiSy 

yyfl jl^fcioTIBSIRflSSietM*^-* 
S^nffl^fiHSit^jS^lfiW-r-Sik^^. S^n 



mmz=<kmm vcwct 4 - k 4 . t iy ^> 

[0137] 
[flU 0] 



R5 



R8 

\ 

Si- 



R7 



o- 




,R6 



-Si 



o 



Si 



R4- 

/ 



I 

-Si— 



y 



■Si 



R3 



Rl 



-Si 

\ 



R2 



[0138] R^Rmtix&m&te^Bi 

50 ^jVifJVJztttt+ry^ * 0 'J^f^-bFny;l/« 



3 3 

^^y, tKU 7i-;i/^;n:x#^ty s dry? 
x-/y-^^y^rtHrX^;t= J f-'f>\ ^ij7x-/k-# 
U To ^JVisJV^X^^y ^ ;JfJ7x — ;y- fn/l^ 
i/JU-teX^-tt-y-y^ t^) is9u^is)Vis)V^zX^^ 

^■y-y, dfJ y ^ a^yf ^y/nr^^fy, *ry 

(2-?nnif;K >-;Hr^^^-^y^if^Six 

4. 

[ 0 1 4 0 ] ;j?y ( 2-7'otXf/l/) >-;t-feX^f^ 

)Vis)V^X^^y ^ ;J?y t -Zfh* isis)V^X^if 

[0141] ^-fe^^^tajKUv— tefi-^L 
TS7 nffiiMtfllJtt JPJ«tfc»fc:, WffcHHIfcflmJS 

7"f;WXy'7^r-h, II1IS, 
>-BM& iftfffl v * £>fi£ . m<tMMU is/UJzx*** 
■yyiZttLXO. 1—0. 5MS%OiSH"CiiSJir$-5<r 

»m t x o agrafe lt t i v ^ 

[0142] »88MMHKJIttf>W£li, sKUT S KM. x 

Jgfg-^/l-^T/l-r'b FfSBI. 7x7-^-*;l/AT;l/ 
ft H«ii. y > /^y/-;i'-*^A7;i'ft 

-ivyr^-vmm, T)v*vwm. 7^77-; 
li, ^y^i^y, W}Visj—)VMm, unvote 

^fSH, ^y^'77x-l/yt'-l/ yluIE^-K U 

ft Kfflit. ^vVP^y-^-^^AT^f t HWJB, 
yivy v iVTivzi-jvmmtcEny^ymm. ^?sy 

[0 143]7"n.y? ntfry v-*«tfW-&a*ttjKy 

y*y* U;H8tiJ:Vi*i^^;l'i|fyBW, HMfSfeL^ 
^'Jt-;l.eDyy, *°y b'-/yT/l-3--/K tffy (b 

y^y-K (tHn^fyxf/M^^'JW 

[0 144]7'P77 3* y V-S «^4i»*tt^'J 
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y. •xva-x+tvm-isy* #vx?2Vis—h* # 
yy?zJx.y^ *ry-f V7Vy, *fy y-n^-9->\ 77 
*-^*^y^-=5:h'^iix-g. 0 iix^O^yv-^ 

mi£ . mz, fiiftTJRiWIfW&sK y rn b u y 
^y-K ^Ua-^f/wfuy, ^y^^^y^K 

10 t^t'co^'J yn^tytt'^l 4 L< , *ryrob 

[0145] W»ttft«h t tfflV^fU, 7"U ? a 

iK y ^{±^7 7la^u -e-^ffi^i> # y 

m+# ] J 7ntl/y^y F#L *f y ifuy^ y- F 
il+*ry^f^^^ V]s-hm. xv^i-\sy**is 
vm+^U a-**j]sx*]sym. #V3i*]syttis 
x*vym, ^'jxfky^yM+^'J 
20 b"-;Pb y lit y ( b pn^-yXf/M ^^iJV 

- h ) y 7a b U y^-^r ^ H«, sK'J ( b h'a^ 

y-x^-;^ y b ) sg+*f y a -**jvx* vy 
m. *°y ( t KnJf yxf ;W 77 'J 1 ) I+rffJ 
x* ]sym, #VT? y;PKjI+*.°yrnbixy^-dfy- 
KUL ^'J77 y ;HJE«[ + ^° U ^ f ^ ^ U h 

m. y y ^ f-;^ ^ ^ y b 

II , *° y T ^ 'J +^J7x -/l'^ f- )V >n^y 
tf>j^*uy7S-*zsVm+tf iJ is**)Visxi^y 
^yx-^v-y^-^y- Kji+r^y 7i-;Mf;lyn 
30 ^-fyll. ^ijxfi/y^yHi+^ijh-^f/i, 

xfi/y^ is vm+*° y 7°n b \s y^^ is vm, ft y 

J^*U y** is H«+# 'J ^ f /Py-ndf -9- 
t< , ^yxf-^y^-Jf S/HiS+^y ^^y-n^fff 

+ y y-' ^< f ;y ^ n^if yigco r n -y ^ n ^ U £ ti 

40 [0146] W»ttfe«i: 7a •/ ^ y 4fc(i^ 

Vtmmit, fu v?atf y v-4 ^{±^'5 7ha^ij7 
-1 0 OfflHPfctfLT, l~5 0 0Sa35**iFiL 
<. 5-1 OOfiMaS3& t ±"5*F4L<, 10-5 011 

[0147] 3d? U v-^Bf^tt!fi3«47 , i{i:^Oiifr.lE#: 
50 fc<^>fi^jlFia*ilK^*IKfc:fflv^tL«JffiKli. 3?KU 



( 

3 5 

[0 148] J^Lfciatrnv^nsKU^-ifcli 
^ 7 h a y 7-4^FMO 5 9 nffi^||«ig^ffM 

fcttJJlTo iac, A*r 'J v- fc B u v-raHjftifctc 

*ll«Lt«tW^ >«U }« 
fefllJi^'SrS. 2ffl<7)ffi^<Jt^7 : 3I«C^5t, *? 

[0 14 9] ZZX\ A-Bi/'/a'y^a^'JV-t 

y'jy . mmmmtc t'<o h ^ a ymm £ mm- h m 

rj*r y -7- SrfltjRf 4 2 «CD*° 'J V— <9i§»&flE> ;>< - 
^-**tS*J«t-tl c a 10.»/cmi-»S*3r£fc, SiSffl 
RSc(4_hf E^OfflBiclb i 0 fc*&5%ifflHB^5-*-*-tf>± 

PS-PMMA^«7'D7?a^U-7-T1i. PMMA 

**fflEMfc#ftfJ L^H-v \ jfifc, p s - p b ( *r y 7* 
y'xy) -y ? n*ry V-TJ4. P s*«Ml!K;W 

[ 0 1 5 0 ] 7"n .y ? r?*ry v-frt>MWim<omM& 
Mti^tStl, 2«^y-?-Mcoffl^Jt{4. 
}»Affiit t 5 S Xflfi&D^j5tfifiKiftj£^5 £ fc **S 

fK fc*>, 7'n -y ^ y ^-WiK^j&bWi-HKfcti: 

£ <~th i fc*«!ewc*5 . «itr. ps-p 

MMA^fli P M M AifimSMm^z^ L V 

P MMA»MtJ)l.3* 'J V— COP MMASfij£i4, 

p Sifi>J?WMX*foh^tfV~?-<nP sffi^j; <~t 
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3 6 

aco^y^-^MR^coaV^ciioTt. S^'Jy 

-7— j&y^fcfB-C* 4 /n -v 9 y v-k . BjK y 
* t iWRffl , C* * 7 n >y ^ a y -7- 1 T14 , m-ftMffim 

m Lxmrnm^Jb * atku v-^a^±t k >y h sjsjs 

■f-ftfateifij^A : B = 2 0 : 8 0 X'fo& t b , B 
^°y^-^'*M±tCK -y htJBj«-r4«jBHjSliA : B 
10 =85:1 5fcWCi:^i)S„ iix<4, iKUv-jfi^l 
fitiif^iRV L^-fv m f . > W9 Ttt5fe#3rflsHt<oa? y 

[0151] yn-y^n^yv-^|fBE;-r4 2oco^y 
v-fflo#:«^(414T^ J: 5 tSSE^* i fc L 

\i\ mnmmmm^mm-t^^zit, -^ffio* 

1^5-4 0%, ff*U<(41 0-3 5%. 
Af4L<(415-30 %««HtK^-4 . 1tmftW> 

Tmmm<r>mmzx ^m^ti. ±m{mzm&mm$: 
20 imMmx-%<~>v>9-%£'c7)mmmz%&, <sr 

{4 . 7"a >y ^ y v-ofta-^J:b^SiJffli LT & J: v ^ 

^ /«i vyf-T-^yntt^mzmmLx t 

tt(4. >y ^ 3df U ^-SfiUfcrSsKU -7-iI<?l* 
^e^° y v— * btm^ tM. 

[0152] 7'n -y ^ V-^^^*f^H<^7U^M 
rj>T-^-ATX«jtSffM^--l>^^(4. A:Jf'j7- 
££: B*f y -?-if. Adf 'J -e-ili: Bjjfy v-Sfic?)1frig 

y v-iBfJWBflcfc b ^ y -e-ilOHulE#:^SvH:^ffl 

-«fc3E»i-« . - CO*^-. -y ^ (Dft=F&.ii 3 0 

0 OJa±T*4ii:36i«jJ4 L\\ 2o<05V^Ma» ! 3r 
iKU -7-iI^*t-4 7"n -y ^ y v-o^fc{4. II 

[0153] -y ^ a ^° y «»ffifc:ii . &mcom 
50 &imx\ mmfemmm<?>&i&%;#v~?-mzmmz 



3 7 

[0154] mwMt LTi£„ Miti'C r . V, Nb, 
Ti. A 1 „ Mo. Li. Lu, Rh. Pb, Pt. A 

u s ru^: k e&w^^&mtesmwmf t>n 4 . 

LTf IJfflT# 4 „ ZCD£ otC'MfitiMb LT(i. yf"7A 

^Ah^Mo^yy^-h, ~?ytfy ( I 
1)2, ^^y^S^t*— K tU^-r^- (V) x 
b*xh\ t'jyf^ (VI ) ^yKt'x (2,4- 
^O-^yi^^-JT— h ) . ^^6, 6, 7, 7, 
8, 8, &-^79?)V*U-2, 2-$sX J f-JV-3, 
5 K ^-^-^A-^df-tf 
y^y'J^^—b^ *^-y^A (111)2, 4-^.y 
^y^^— K — -y^/P (11)2, 4-'<>"?>'j;' 
sj-*— K -*7* (V) n-7'b^K. -^7'" (V) 
n-Xb^i^b'. ri^iy^7M,^.^y)V^Yi- r <,y^y : y' 
**-K A"5y7A2, 4-^y^y^^-b. Q 
A^^^n^O-^y^^-— K 6^:2, 4—^ 

y^yy^-^—b ^ oi^A b y 7/Lto^yy 

K )Vf— *7A (111)2, 4-^.y^>-S/^-Jt- 
— b. f b57"f ^T^-^A ■ Mt?DD75f 
b (IV) . ff77'ot# (III) -fe^fj 

[0155] SMftj: LTs — JT<0iKU v-ffit*f LT 

«s«ta»ftitttsw>Jt, stif«!ais*i)t»nm— 5 0 

nmiilT^AJRm^Srffl^Tt Ml Wl 0-2 

5 1 5 4 8-^fgt(4. &mm&=?$:#v^-ximt 

4*S£3&*B!^§*iTV^4. #IW¥1 1-6089 1^ 

ft*: 4 JUK&?tt . A - B 7'n v ? U 7—0 A *° y 
~?-Mlzmffi L . B si^tf »J v-TW § fufc&Mfitft 
^ «A - B 7"n >y ? >J V-CO B # U ^-MteflMf*- 

-zmm-t& #^ u v-fflo 3 ibw, v «fott^^t-^° y 

^-fflO(5(J'^fPWflfjf-f-|.o 4fc. A-B7P7? 

n^y v-TsaisnfcAiiaeK^Fii, A^yv-n^ 

B y fc 0>ffffite««f$- 4 . i CO i -5 ^Tfft Srffl 
^4 i: . IS] L£«7U«£Gi;S(cf£t^* 0 y v-fflKflWf 

[0156] Wc^-r4<50T'(i^-< . 7n 



10 



20 



■y 
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3 8 

M=feS-fr4 <! t #*CS 4 . ift5£<7);K y 7-«±Iitli 

mmizmmmth z t izx-yxmtomzxv ~?-mzm 
&&A-ttit£. &mA ^y^mmm\iz-h--ym\m.\izb~ 

vyy^tz, 4 . ^ I^- hffijt(i±iI+(c#A 
LT J: W L , iK'JT^'J /Hgxx^/^OXX^t^Pfi 

^^Afgwit^i;^ *y<&m$:^'tz>-i *v$amm 

f Sr ^*T(; H - try § 4 . 
[0157] ^^^-^»jS^t=T5iaW*«6Jlrt-4 t . 

>y 9 £ fctt 7*57>34f y 7-HS LT. 1—70 M 
%. #f4L<iil-2 0fiM%. SA,«T4L<«i2- 

i om%t*4 . mmff>j*&-r&& t s ^nffl^n 

«itffM^JPiiara^+^H:#A>^. #^-^4 tS? 

[0158] "T^FJcOMtti:. ^#MxXx;^)ltMK 

%.niW&L Mttf=J*^-}V7?y-b. Vy^-)V7 9V 
— > > -2-x^-;^df^;i'7^L— h, 
7^L-h. yMV7-;l'7^L'-b!5:J:'; h'J^y>y 

h m^mmm . Mitf^- ^ *jv b y ^ y ^- h * ir ; t° 

n^< y .y hK^«r^iL MUi*?+}V\?rtX y^-b 
=Sr4f ; T^tyffi^nr^pj, mMiTWyMy'7b*r 
yx.^->v, TWyMis^b^y^jv, TWyWJ 
y-f-jwy^'U T^ym^T/u^-uy^u n- 

[0159] BjH&li: LT fi-^rttffi^l^^^^P L 
T i> X \\ Mitf^f y >f S HiitJ i^coWKHcC* 4 

y ^-M^*^4^n >y 9 asff U 7-t^(4/77h ^ 
#;^»l±^«46Tffi-»M«jt^)JFM^ffi3t$-ti:4^ 

[0160] b'XVW 5 KOMtti, t"X (4-71/ 
>f 5 b'7o:-7b) P<^>-. t"X (4-7W S b'7x- 
/!/) X— 7-/1-. 2. 2' -h"X [4 - (a"77;77j: 

y^ix) 7x-/n ro^y, 2.2' -ex [4- 

(^77S77i7^y) 7x-/H ^t7Mn7 
cr^°y^i:^4ix4« b*X7l/>f 5 h'c0gsjn*{i. 1 
-7 011%. »4L<{il-2 0fii%. Sib^Ti 



30 



40 
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l < 12 2 — i o mm.%x'h h« t'^vi/^ kco» - a - 

i4. S^offi^ii«jS^^gLfL.i»fc^tL«&-&^\ gs 

fcftfc ^ *° y tfflsfc=<jc7cWfcas« lx & 4 v \ io 

zcokd %mmiz iit, 5 ? nffltJHBHSSewJIRW 4 ^ 
Ji»fiffW2:3SUg£ § 4>tcft±S-fr* £ k , £J£tt 
&BW>S£k ffl&tt£#i§:-r.g>k, **6<jt 

i> , ffl jk y v-i fcfflsfcasnw-s - 1 tc 4 

X' # =Sr s6»o tz 0 , JtSSBflBW** < 4 o fc 0 , FJfScox >y 
£ <r k U\ WHffi±M&Mi$&S{ffiikmtift 

[0163] ^#Wfc(4, 3 , 5-y-tert -^f- 
4 - b Kndf x y— ;i^K-ffcE& 

SRIWtBEriail, b"X(2, 2, 6, 6 --r h 
^yy-;i/-4 ) -feA^r— h&k'Ob^yi/y^ffc^ 
ttt^Sft-SHALS (Hindered Amine Light Stabiliz 40 
er) . dH»- y H-^SttWfcJR^^B&jBiRKr k 

[0164] m\tm±m^tz\m^itm±mcow^m.ii 
mmfcztitcv^K o. oi-ion%, ml< 

{40. 0 5-111%. S^fc*?4L<i40. 1-0. 
k n^y v-coffldHRMifiSatSW- 

4. 

[0165] in^<7)BKtKriBW*3tl43^^EE6±?M 50 
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4 0 



iti%LW^3, 5-y-tert-7'f;l-4- 
b Kn^fj/ h^xy^rkSrffll^^k^f4 LV\ 
[0166] JilT. *^HJcoyN°^_>-^7j^OV»T 

S^nffi^SiWito^-^-y^^-T^XSk z^-t 

[0167] zoumt. wm^^mmcommamm^ 

^ y^-)VY ■ ^< vi*- my ■ x-fxru-oMittc 
*«Ofia66*-t*Ui if jE« T=flr < T t> 4 v ^fcft . i 
[0168] KflLJi^t^-^jfitfJHoKtX 

^m^mmmco >r >-co±§ § k isimK* i ^ > J¥< is 

fi. ^ y > r-mmx-n ^ v yr-^mmx-hi , mfo 
mut. mcom^itv^-^ yco^n^coo . 5—2. 5 
$t>izo. 8- 1 . 5 imz&i£tz> i k s6W4 1 

[0169] ^9-ymmMmt Lt, ^ix^ixto^ 

7-ffi(7)N/ (Nc -No ) Ofa (d^T\ Nlity 
JJL Nolity? wBaRIBiHR ) OJt^' 1 . 4 m 

«7'n-^a*'ij7-^*^ MS: h'5-fx>y 

«W£H**-4. fcfciHf, ^#»##^y^-iSkr 
^ y )VWtf: y vHBS*T4 7"a -y ? 3 ^° y V-T14. 
'J y v-ffi^SlRWt H =7 4 x -y f - ix 

-f S /n y ^ r?4-° y v-"C(i. ^'Jy5 yffl*^H?«fc: 

[0170] ^"p-y^mmvc lt, ±«*<x*/hp 
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4 1 



tcitLTKiHHtttf)!* U 7-M'k ^WS7'o -y ? 3jK 

if, S^CTHtSMKLfcPS-PMMAtm^HISjBitL 
£ix4 0 

[0171] ^-^JBjSWHi: L/C, «»»t*^°U-e 10 
-0 k jfJSMfcK 'J 7HB ( MilE*£> ^ te-ft $ & co £ 
•irtf) t*^-*^'n«/^3jKU'r-*fflv^«#, JIB* 
f&7>»?&J^Lkt3»r £ i k t J o , 5 ? offl^iffff 

[0172] ^tL^^sSt i 0 , ^TLM-itt Z> c~. 

[0173] x^^—jRtffli^SrffitMi, H5-fx 20 
/tiOvx^^ JFMT-§ 4 k V ^ f 0 j£ 4 . 

[0174] mtm&^mv^K\L mmmtsmzk^ 

T, 7X?£,TM-f 4£k# ; -e§4, vx^oTL 
5X h < 55 4 ; k §= 4 . SRsox .y f - y ^fc 

je^4 i t #-c# &cox\ jpxt# &£ttcttfti>afts 

[0175] S^nffliHKLfcKSsJ-Vva* 

v4MWfc:ieiai* , *»*»S . *5|b^co^{4#*o^ k it 
IS L T JBHSISrcfT ait ^"C § 4 . fiffc: , JRfltf&fe-Cfct 

&#?L«^-y fcJBjfc*-* i k 4 . 

[oi76] iMLtz^-vrnmim^mmmmw. 

«*-£/t/CU* . ( a ) ^ttMLtCix vf-^^TBtt 40 
j^MSt 4 2 S<7)^ U v— 4 7"n >y ? n *f n-S 
M7[j-f4 0 (b) ^n«y^adfUv-*5^nffl4H6S 
ii-C*ftflBi*JgjaW-4. (c) K^x-y^y^'Btt 
^^ 1 J7-ffl^K7^x 7 fy 7 'L. §i3«S#L 
fc»K?>fxyfy >J v-ffl £ ? k L T#®I4 
ffig * H ? -i x .y y ^ 4 . ( d ) #«HHHR0>x >y 
f-y ^«Wfc:SBMt«S matt 4 . ( e ) Lfc^ U v 

i w^stti^ 'j 7 i^7t^„ irr, #x 
sto v J: o wmizmm-f 4 . 
[0177] ( a ) x 'v^yymmm^h 2 ao*° >j 50 
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4 7n -y ? y v-{4, M-iiiW h'7-fx 

-t*5PMMAS8 : 2 : 8SJK<7)fJ-^T"# 

*L, PMMAOiHPMMw^S^JSlTs inFiirtk* 1 

1. lJilT<7)t<7)J& i ffl^^n.4 0 7'07?3^IJ7- 

[0178] ( b ) T— — /l^fc «fc 0 , 7"n -y ^ 37jC'J*r 
CD-Wit LTi4, PS COjftiC^E® 1 0 n m^lgCDP 

M M aco jftj6SHB!IWfc:iMR Lfc«fie#W ^>fi4 . ; to 
7 O -y ^ n ^ U -7— T14 , C F 4 Srfflv *fcRJEtt-f * >- 
i7fy/ ( R I E ) icJ;4x.y^y^'SiRit^PS : 
PMMA=1 : 4l4±k^T'9, 6«X7f> h^' 
7^#V\ 

[0 179] (c ) CF4tfflV»fcRI ECi-5t, jH 

^ # v ^ P M M A eoft & tz \5Mco&- *^x «/^-y ^'ii § 
ti, PSc0i»tfci4ft^a#-T4. B\%M%. mfrLtz 
PSffl^77?fc LT»l4a«*x-y^>-^LT, & 

ii^XyfyWC ( d) coJMIk'fi^X^i. 

[0180] (d) m.mtm*^-vi?v>7"Lx. it 
m&mm^-y^-yymmmx/m^t^ p s«±ta 

[dsn ( e ) ^mmfflzm^xm&LfzP 

i^S® L T H 4 * T v is > b'X'M . 
[0182] Jil±t7) ( a ) - ( e ) OlSCi 0 , 7"D 

T'§4o icOTjSii, «^fSBT-vx^*^K-r4* 

4iki4BJ?^^-CS)4. RH^t«RtSCO«*tr 

40f\ jS^X/l^-T >y h £*B$Tt* 4 . 
[0183] *«^Ji!W't^->'JBjab5ri£*flSa@E« 
«*<0lBSfc3lffl-r4«tH4 (A) - (C) *#!^L 
Tl^-T4. ic073^T-i4, ^-^jStmtUT^ 
p 7 ^ >J k &H»a : F£fi»jkW£jK U v- k 

ms^ &ie«i-4 i k j&s-cs 4 . 

[0 184] 4^ A-Byny^sKU^-fcAWStft 

iKU v-k UTii, Mi«r? U/^^Uv-MkT?* 
^4-° l J^-IIk**i-4t0^ffll^n4„ tfz. & 

mmtfcf-zim-t&tf u v-(4, a*° u k jfiv 

ffiit**L, B^U7-k^ffl?§T-^if, A^'J7- 



(23) 



4 3 



y v-ffl 3 ojftotft-A^f u v-ffl4 oa^^tr § s 
a*° y ^-ffi4 tc«*f l . ^Lmmtt? 5 a a 

(B4 (A) ) . Srfc. A*^*°y 10 
K> lz A - B 7'n -y ? nxK U v-tfISM 

[0185] R I Etc J; 9 . 5 ^nffi^^tffiitSr 

HI) n^ltwsmfc^r^y^h. ^<r>h%, -m, 

mh (H4 (b) > . 

[0186] $£>t. S#LJtB^U V— fI3£vx? 
hUx-yfy/^ltti, £SUfc«>?L7jWBj£3 20 
tu l OTL 7 coj&^^MtSfe^ 5 aqa* . ^ofJL 
BSStT 5X7t; i 0 Lfc B # y 3 £ T >y 
y-fh (14 (C> ) . mmicr> : ?L7cr>mzft&t&& 

[oi87] ±MZcoirmTiz. u 7 hrt^i^&uc 

^awtcSrttsmuf, 7 >f K ■ x 5 -y is 3 y ■ t* 4 
[0 1 8 8] Jfirfe, fflJfefcjetT, m$rfh>\9~vm 
yri^>f <oy- htS tx 7f V^UiS -y^ 

/wrsk u vHik *^r^^n -y 9 3*° y fctt^ 

4MB (Mw/Mn) #1 . 1 SOT, 35r§ate*»K U V 

y/^^'J vHKttf54HF*»Jfci& t 7 5:2 40 
5 — 9 0 : 1 OOt^T'^S . 

[0189] ms^^«isoamiB#i«#:*Mjt^i» 

^'Jv-iJ:7? y /WRjK y vHK fc £ 7"n >y 

( Mw/M n ) & 1 . 2 0 JilTf* 0 . 55=S3S#*^ U 
VHB t77'J ;WRiK 'J 1 O^JfcOJt* 1 7 5 : 

2 5-90: 10»fcW*4. 50 



001-1 51834 
4 4 

[0190] Hffl^A^-yMffltt , h'7-fx 

itffl^y -7-<04HPM* 1 0^£lTfc^& i btmt. 

ttSl 0 0 — 2 0 0 nmOh'-y — y^r 
4 0 nmajgcoh* v h^°^->-Sr# 
J: 3 £-f&%£«^ ilHBfflWF** 37JSStct-^ 

a fci-ft*&tcii, iHfcfflWPJi* iooo ommz 

-f&Ztfim£Li\ LfrL. ^lffl^W3 0 0 

0 i. *) /hS < tth t , 5 ^ nffl^KtofitB^r-fe^ y h 

[0191] ^^-^jSJRcoffl4M«aBe*««fcJ:-5 
Tiil*l§-fr&if: tt#5. 7x-;K;J: O^'^-yB 
JSfla+tffltJHItaBiSJEJliW-ilRfc: 1-10 v/j^ml 

i/ y vy-wm.<r>n& . ^ y ^ -> 

[0 192] *fMBfc:J:*U/, A7->h5A7r-S 
^-y^A7-yb7^7r-I{:KL, §^tc* 

[0 193] A7->b7y^7r-ll MLLtC^ 

LT^Jfi§fLS 0 ^rfc. SttA7-yh7yX7r- 
H i: ^ratcTil^ V-yh5^7T -JH* iftttr i i 
v\ A7-yi7yx7r-I, jsi 

[0 194] 1 . ^"^-yffMIl 
A7-y»ttt LT{4, F7^X7fy/''aS^ s 

1 . 3 liLhT* £ 2 'J v-IISr £ 7"n >y ^ a 

ii t *^rr £ 7'n -y ?a^y7-, 4 fciajRawttsK u 
v Hi t Hi^ffi^ y ( mmtt&b s i> <r> 



(24) 



4 5 



[0 19 5] 2. -A^-yh^yX^T-JP 
A7-yh7>X7r -JRti , - y J#j£)g&cDT tR 
«- £>ix , y JBjSitfcJBjS S *ufc; * * - y j&qg^ § 

3 l y v-ffl#]B8?«fclfcS3*ufc«, f I S iE 10 

14, ±EtfV**-y?ftR*mfcy6C.T. K?^x 7 fy 

[0 196] A7-yh7^7r-Ill ;**-y# 
ffi^x -y f - y § tL & id -y f - y yw^ETt h =t 3 

t, ff^&ii>*x^y^asa*f&S£*i&. mfrwt; 
(4, A7-yh7yx7 7-ll A^-yw^i 20 
s yn -y 9 =1 *° V ~?-cd# 'J 7-i(7) o *> b* =7 A x 

•y f - v ^mm^m v u t tm lx. K7^x 7 

V\ A7-yb7yX7r-It LTJ4. Au, A K 
C r^rif^AJS. zKUy^y, N/(Nc-No) Ofit 
^SiWKX'yfyy'? >J 2: 

[0 19 7] A7-y>7^7r- Hi: LTfflV^ix 
itfcys^yii, T^t^Sft&lftO^UIMSte-MrL 30 

[0198] 
[fcl 1 ] 

R 1 




r 



[0199] ZZX\ R 1 s RMi**l/e*UK*R 1 - 2 

[0 2 0 0] tfVi/JXrymtzte. dfj (^f;l/7i- 
;^7y) . *°U (y'7i-;iy7» „ ;KU {Xj-tv 
?on^f;i7i^y7y) ft ifc, 

*° V y 7 y (4 , * ^ ^ U v- t t> 3 tfr U v-T «£ < s 
2afl±^ l Jy7>«Jlf, ffiSM^ IIMM 

tzmWk'rA MX 'J v-£fflv vr fc «fc sK U y 5 y eo?> 
^ttttfcKSSflfcVva*, Mw=2 0 00 — 1 0 00 50 
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0 0 0. $ £>fcMw= 3 0 0 0—1 0 0 0 0 OOtEH** 

r-g. f: , ^^-y^JR*^ffi^-&|Rfc^U y5yW 
JfWUT, W^S^y^fciSi-rtS^fLtf***. - 

[0201] Srts. ^yy^y{4^-ft;$ix^ > -r<-. x>y 

mmcomuM^m^mM^tt^^^K o. 01-10 

[0 2 02] 3. TlA7-yh7yX7r-I 

-f Lt>WH-f&&BfH&^&) rx^? hJtwi OWvvt 

*m<osaR3gH*j!E< -rs - s . TiA?-y 

15yX7 r-ffi{4. 5 ^ nffi7>fit«}t^¥§^^' 
?-yi7yx77-M7X?(:x7fy7'§iiS« 
T\ y h 5 yx yr~mjzM-ftTm^9~yh 
yyxyr -M^ox -y i-yywiRitli 2 JjLh. J: 0 if 4 
L<(4 5I2LL. 5<s»t#4L<(il 0£Lb&*SI±U^ 

^ =&x >y ^y^s^Jt^t^a-s. =t 3 U v 

-*»6i3r&v^-^|jait« , ^7-yl 7 yx 

7yx77-M?x^(;UTI^f-yi7yx7 
r-Mo 2 ^xrx7fy^nfc, ^«tc»v^L 

^hJt*»&fcftt=l±, Tl^^-yi7yx7r-I 
* MyYtt H 5 -f x -y ^ y J 0 x -y f - y ^4 ; t ** 
ffiU\ ^rfc. A7-yi7y777-IhTI^ 
-yi7yx77-lt«x7fy ^iRJt^'+7>^ § 
ft*U2\ A7-yb7yx77-IliKTi)j:^t 
ft. A7-yb7yX7r-li r )i7M7fy^ 
ff co^rttx 7fy7'KJ;Dx7fy^"LTtJ;v\ 
[0 2 03] TJB^ — yb^yx^r— M*fflV^S« 

^•Wi. A-7-yh7yX77-IklTAl, Au, 

Ag, pt^^M, a:*:J4yy#, mati~?y. m 
ik?yyx^y%¥<n&mw^*m^&zht>m$. l 

we «IHtt*««t<» -)i7hX7fy^±^F 
7-fx.yfy ^'<0W?j cox -y ^ y ^**Wflr A l tflff 4 
Lv\ TlA^-yi7yx77-WMl»tI^ l J 



(25) 



4 7 



=3f "f-V y=3r i: 'JXf 1/ yf^*(#; „ *r U h*r:/W 

7^pyBJ;W^ft, y^7 7?»t\ cf 
i^T^ifisstif^fcft, 5 vit va&&& t'umm 

[0204] *SLfc£TWts i V_tJf ;^->- b?yx 
7T-m%t>ZMz^?->Bf&m$:&f8.L. x 7 f^ 10 

4. 

[0 2 0 5] i"f, S^±tTJl^°^->b5yX7r 
Mtoff L i d t ?L& if OS S t IWJ2LL t 

XX 7 r -flit LT&MifcfciS i O&ifcAfc^Oil 

*mus-rs. JJi^^-yN7yx7T-i»)i§tt, 20 

a*S*U>. iiA7-yb7yx7 7-IB:. ±S# 

f&mcomza. mm-t^mm^^^tmmmx'h 

[02 06] JJ|A^-yh7yX77-I«F7^x 

•y ^ y ymm± . ^iiwjtz tux**- yffitm0>*ti 
j:K>^^tmmL^. mimiziz^ ±m>v?—> 30 
Y^yxyr~mw^-ym^m^>^tp< tt> 1 . 3 

Tt:TlA7-yh7yx7r-Ih UT^Uv-JH* 
LTV>5r<Tfc iu, "f ±m^?—>Y-7>x 

7 r -ira -/ yymz , laf^x^fc «t 0 T«; ■? 
?-yf7yx7r-l^x 7 fy^tL^„ .roiL 

tttf*;Mf. TM^-yx^xx^r-lltdefgr^ 40 

lA^-yh5yx7r —Mo H:M x .y f-y^'j&ga* 
^ - xfMUfc JfcKLT o . i gsr & raw***^. 

[02 07] M±<V£ 5 C#*«I^MLtt, ^ 

J: 0 . s ? rmttmrnn o-hl^ 

# U v -ffl £ Sft W £ L T flfecod^ <J7-flSat, 
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f y^'Lt, ioMts^nffi^jBflige mnmmm 
at) ait. S#Uc±iA7-yh7yx 

7r-II:7X?tUfi*77X?^V^R I E£ 

ffv\ TfA7-yh7yx7r-l (fcti.if7jf!;*7 
•f. ti^y7-i^^i)TiA7-yf7y77r- 

3^'JV-^^^|,A7-y)fMI^7 7yy7'§tl 
LX, nx/yvm^if^XRIE^^\ K«SrX-y^ 

[0208] *$m<DJ*?—yB&iMn&m^x&m<?> 
(i^7 7b^'j^-^ # w-r ^ ^° * - yjeaattma* 6 

[0209] rnv^n^'J?- S^ti^T'hnjKU 
ayf ^xj.7xlM'ffiLu„ A^ayf -fXj.7 

X«jg«iOBDDffijg. */n>f H (Gyroid)8 

[0210] n?-yffimtmt lx, zti^ticv^s 
(Nc -No ) <7)Hl Naty 

V-#fif0|iJE^, Nc(±t7 

XT* 4 2 -^O^ U S y^rJ^KUv 

iRmzmk-th* 

[02in ^-ymmtmt lx, ±»&«x*;j^ 

fJL 7i7 hx-yfy^ifcti^WJv-ffi 

[0212] ^-ymwmmt lx. mmmtfv-? 



(26) 

4 9 

-If fc MiMVktf V 7HB ( MSB** 4 & fcft § ixfc t «D & 

^-ffi£SIfKW(;il&*ir4. 
[0213] z.tit»<n% 1 &?> 3 feTt4. x^Hf-fciH 

[0214] fcfc ilf . ^?L««^#c*ffifi£-r^li^W 10 

i 0 G&*§;fi4 # U v-&'fc £^rT4 7'n -y ? >J 

[0215] ^fLfiS^ft£ffi^£ii»Kw*°y v 

C0*°'J Xfl-yiift ; -v ^ffili ; iKIM 5 K ; 20 

'J u— h y ;b*^*°y tsitXT 9 U n— h U/l- 
£ fl&o b" U v- fc <73 n *f >J t'«r^ 'J 

h v^mm ; *° 'J r 9 y /i-sl »ku ^ -hi-t^ y y- 

3rfc<?);tf >J 'J;Hxxf^ ; 7 Wfcb'~y ^"y^ 
3*: 'J ff <7) 7 -y-ftt- 'J x>*tfflg ; mYX-)V 

mm ; arce- y ; ^yx-f/^ h y^> 

^'JX;l*y ; ;Kyx— f/WWy^iflS. # 30 
<c , It AttO *f , 77'Jnxiij /bjfMtf Jg£ J: 7 >x 

[0216] x*;i^-fctf>flBSi-fcJ: D±»W!0W3*t 
Tl&*$fi4*°y v-M^Wtli. *°'J rnh'l/y^ 
'J-fy7'fl/y^i;WJ*l/7-fy; ^'Ja-^f/l^ 
Xfl/y ; tFV*?7V>VW, JKLMfVkX^ 'J 
h , 'J b U ? n nif/M ^^'Jl/-h4 fc ^ 'J j< 

? ? y ;Hx^f;i ; u ^ ^ ^ y /ur sf;^ y 
y- 1 -x^7=ry, ^yxfi/yx;i7*y, *°'J2 
- y^- y y x;L-7 * y& fcV)^ ijti7i yx;i/7 * 40 
y ; ^IM^-zM VW^—)V-!rY>%:Ktfmf t>ti 
4. W ^7 'j;Hxxf ;W:7 7»«AL 

y Mt7;itn7f;w ^ ^ y y- b ^ 'Jfh 
57^to7o tVkX 77'JU-l ; *f 'J -X ^ ^ 'J /H£ 
x^x^^afiO^^aSrJSR-Ca^L^xK'J h 'J 7 

[0217] ««*jBIH-4*ffi*fflv^«^fcli, 

o raassasjWiiM-ft i , 2 -*ry -/xy^ 50 
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a7 7 ftTnt y i; n *r y v— ^ fc'07 >/ -fbb"— y 

[021S] BM&tfv^-mtmm&tfv^-mz 

^TT 4 ^ n >y ^ rj *f y -e- fc LT « , Ki* L fc» * £7)7" 
□ 773^y 7-tffl^4CtitTS4. *"'Jv 

trs 4 . 

[0219] SStSfc-fc^TLfCflBtflsti, a^rOffl^t 
^jvvy^nv— , 4 J S*7' ^i^-Srifco:? ^;i- 

[0220] ^mn^im^iimmmi^comm^mx- 
^TimmmikcD^mzmmxmi: imth . 

Jf^«47"n y^3^lj7-4fc|i/57h3# 'J 

[ 0 2 2 1 ] t ilfSKfcSMWfcK 'J vHifc iHJMfcK U 
v-I^#tl.7'n *?3jKU v-2r#*-T4^N°^-y 

ft, ift^W'ffi^ 'J v-fflwSftiMfiMEIJLhfcJllJR-r 4 £ 

fcici^T s^flftt^ y -?-mitmtRMizmi;Lx . 5 

±0, A«BSit^t"<7)*fiit.^. ^t^y 
K*ff«)*-#>*m*if*^s«-r4. *^ft, 

JiEbT Bi^tt^ 'J v-H S: O 2 7 7 yy 7"^ ii'C J; -?T 
»l«^Mo*ji#c^ffMt-4 . S^t:. ffMS 

[0222] i^jj-^Ti4. ^nmmmm^i^z^ 

% 4 fci±C V D t= i 0 *EM«Sr5Ei«-r 4 . £ Wfc#>. 
fcasBKlJLji^ff^ 4 £ fc 4 L v \ ;«J:5 ^S?L 

£ffi*j£U#4 s ^offl^at«jgfc tr<4. y y yy-« 

it, yqayf-f -^77^, Sfct49^5«St**» 
4tv\ yyy^-Jtf^fci^sw^y-r^ - A 

^fc46ffiixTV»4o J-^^>7-4 -jLTxmmcOotbO 
BDDffiiSfciV'y'n^ H (Gy r o i d ) ffiit{4^JR 

z®mzmmx*% ztzibrnztft 



(27) 

5 1 

[02 23] #?LSffl3ifls# 5 ? nffi^KflBKO >f 

mmt LTfflVtfiif, iiftfi(0K7 htt^-yfcJB 
jjg-TI. i k h . «itf&IMrir0>#MHHK±tc 

14, K#T 5XvT^7L«J«S:(g< x «y f-V^4 Z\ t 
K-fcOaSfttSISfflS-t*:*. #mttMt^MiELTm»ft 

[0224] «*tt«0#7*£<R±£iSftfliji£ 
[02 2 5] £?LS«itflste&JBL JUiMHttett, 

vsaaw* t=« , ft-? § * if coaetaxg^c v d ^ if 

[02 26] ^JR^^SW-rslRtfia^, ©ffft-? § 4 
fct4&®8ftot:#fflv^*i£. mf!¥fto§{4. ^TL« 20 

^-ym&mzffiWLLx^mtth > ^commn^ 
-> % mizmm l . twatti i fc t ± o , £•? 

icon?, ^jiwmmfoco^ 

3: if LT£?Lcort*liB£m*fl$ia-r£ £ £ *«4 L 

[0227] %?LMffimmz&m£tzimmik&m<7>m 
mm* t *w^Astfc£**as*Lfc«, &$llx% 
warn* wmz li&ttij £tmt**M j *iimte& 30 
mzmmLxi>£\\ ■&Me>mmtLxte. ^m&m 

mtkcDjm%mk lt«4, mmm. x^ya-^-^yy 

[0228] ^«MSfi**«r**^fcfc , YSW 

& - ymtfttmizmsL l t t « k mmiz , ; -? 
«Btf>aM£?Bjic t , iicfffctff *■ epja-r s t , 40 

co^«; ^ - y £ mm- h^k ifx %,mz- am/b&m 

WMk L*CfliV>4 4. 
[02 29] ffliJf , fifllS^^ltSIKfr^x-^i 
tC2oO«ffi2r5/ J imfiKMLT^)3c-r^„ ^x-^± 
CP S-PMMAy'7'n 7?3^iJV-<0PGMEAI 
MXtyn-h LT, ff£ 1 0 nm— lx/m^JKOff 50 
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JRfcJKfcfS. 2oco«ffireifci ov^omJ±£EPJ[JL:$r 
;^>*£>, 23 ot;t4o B#r^r--/i-Srfi : a <> .rcoisfcr, 

y'7*o -y ? =Jtf? U uffl#MI£ fci U «ffit: 
*f LTSitttlEl*! Lit: ^ 'J >-^-«j§3&^B!c§iX^ . ^* 
7' n 9 3 ^ U "7— <7) P M M Affi £ U T ^ -r -f ^ * > 

tOlSS. MfcSEti-y^— ^— ^— iV^— > 

4 fc(4^> ^ >y ^ t ct ^ xikmzmtb&is k mm^mm 

[0230] '^-y&m.mcoiTFiz^'ff^ffi.mmzm. 
w.Lxni±zmttttii£. isv y?-toiiw&j\to£& 

gio-ioo nmm&co&mcoMWttimmzmmzm 

T"# S . ft -a S^'^ A^r f'Sr##$-lt^ft 

■th^[M.m^mm.k -mtr . BawRn mgK«#» 

CtSWSr^JRailitR s&*«S t SlCte Eft t M OfR W t ^ 

«K-fl:!fei^#«^ ^ s -y ^ ^oiHit ^ if «, »iw-4 ; k 

1fiX%h» CWMMty 4 —)VV 'l^-yyay - if A 
XTU- (FED) COX.$-/?~kLX&mzm\'HZ 

□A, >J V*?JJ3:}£ X'Bffrt?> z\ k L < , fc < 
tcKSMt* if WjS* 1 ^ -f U ^ A L I ^ F E DC0 

x 5 -y zmmr * ^?l«m<oju¥(4^-t § 

£«ffitScoi%$ i Off^i f: L < . ^MiemoY 
-TS k . Milj^itox 5 -y i t ^MUC 

If. Hffi3nm, TX^Mtl 0«xS7^-« 

lj; 3 k-r&m&. ^Lwmcomm±4 5 nmjsui-c* 

[0231] FEDWXS-y ?-cOffl3£-Cl4 . #TLWM 

L T ^ S i: ^X^tfOJEH k 3r £. Of, 0 2 T-y 
isyyftk'lzJ: 0^fL«K*»*-r4ifc3&«#4 LV\ 

m-tz\kmitu\ 



5 3 

[02 32] ±IBOJ; o (:Lt#ILfciI«^l^ 

x\ mmm#\ii&T-t& . 

[02 33]7"n y 7 a#V v-k LSVfWmtz.J: 

— K sKU^-f-^r^UP— ^yh'J7;^nxf 
/P-a-^nnr^'Jlz-h, ^ij^ij^nnif/M 
? ^ U h=5r k'W° 'J ( p< ^ ) U iHx^f/W 1 
6aH?S*i.*4M»ttW!jfUv-«t. *°UXif-^>\ si? 

[0234] ftfttEfttfc^U >r-«ji^ffMt-4 

75 : 25 — 67 : 34k 3 4 : 67 — 25 : 7 5 0tE 
Ht;rr4xk#*M4 U\ 6 7 : 34 — 34 : 6 7T« 

yyy^- Ltmis-f&^%m.tffoz><, 75:25 

tL<ii2 5 : 7 5 J: OttJSAHI^fcjSRLfc^U 

- k £ . 

[0 2 3 5] — ycDfflmiZ, 7'n-/?3^y7-« 
iHF*fcflS#U 1 0 n mg*i»fe 1 ju mgSAt'OfE 
HTCfSyt-T 4 - 4: So 1 0 n m&KwM "? 

*-y*#4*£fcii3HF*#i ooo omm. 1 o o 

nmgfWX(?)A7-y&#^^|;(i;^fi^l 
0 0*THI*i:5^nffl4Mi3Witie<*i5, 1 0 07? 

[02 36] #HHJ3<?)#TLSfiBI#£ 'J ^AZl&TOfc 

[0237] ^mconmt^ivxn. at 

? 'J v-<7) 5 *> 1 'J v-ffltaBWWtclSN*^- 

xn -y ^ v-s^rri^f ^-^jpjatmtffl 
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tHM* L fz # V ~? -ffl £ Bfc* L T -fc ; * V - * - ^ - b £ 
[0238] m^f£eDjn3$mffi£r "«Uf . -fc 

ffiii, j±*t= =t o xtoftmm&m&ztLZ wmtM- 

20 [ 0 2 3 9 ] 20«lSJ;-tAI/- ^— hSrJ±#$^ 

m^mmmm^ ( ^ u awf^ k ) *> 6 =sr § x^.- 
a . nmmorsm?) 20—90 %ms*cs> i.;^ * s fs 

[0240] i5fe^«fci:VW«^Sr-fe^ 0 P—^-4 
7 1 e iVfttt7 2«Wftoi 0 CADi^C 
30 -3\ ^?L««3t*^^ : 5:l>-fe^V-^-7 3{i:. iix^ 

[0241] ■t^u-^-^m^-t^iimmmmi. 

HHk^I 0 — 500 nmC0#.fif-fe;^JiffiW(;K?iJt 

tPfiytStt^VW, 5 — 20 0nm, S^tClO— 10 
50 0 n m#Jffi U >. STL@* ^ /J^^ ^4 k >f 4" 



5 5 

[0242] *;*U-*-fc£«3*i.4WHti§»Hi, 

'J-f^ASk LTi±. LiPFe. LiBFi, Li CI 
Cm, Li SCN, Li2BioClio, LiCF3C02, 

T lix f - U y it - h , 7°n b° !✓ y # - h , 
yXf^-;^- h k'# — h ; r - V 

fn5? hy^t'O?^ hyjRjffiK ; x;]^5>\ 3- 
^ f ;l^X/|/*7 y5rt"»X;l/*7 y^Il ; 1, 2-> ? 
.X h ^x ^ y % x ^)VV-? 5 ^ A&k<7)x— t71<^§ 

A— 3 -xf;l/-f 5 ^V'J ^A h y y]/—h%t"coJ 5 
yy'U ^Aig^N -r^/L-tr U j/— >7A MJ ~7V— ht£ 

a' co f y is—^jA mtfim t & ft 5 . 
[ o 2 4 3 ] ftffih lt«. nmsww (mft. ^- h 20 

jfr-tfy&k") k. hfc, y^>^'- 

v- (ML< ) k 0>&&b* 
<H^t«y^jLfc^SLfc*><0*fflV^4. jEffikLTii, IE 
fiKS&S (nys'AbigUf-^A^k) k, «lfi^7 7 
r >f h k . >-r-*f'J -7- (ffJL< (l^-^jg 

[0244] ^m^mmt^^xn . 5 ? n 

ffi^Mfflit £ 7"n 7?njKij7-o^l 004-° 
'J v-«£»«WfclSftS-r4 i k fc«t OJgJSSiifc^lL 30 

[0245] ZCDko 5r^fL«mS«i. WifcflRWMMS 

# y v-ilk i«* 'J 5 7"n -y ? 3 *° V 

ftB ttsK U v-ffl * SkfrS? t X m% £ -ti- § £ k £ J; o T 
mi^m^LX^Wit-rt £ k J: 9JBlW4i fctf 

litS^t'JfflWiijKIL 40 

# y v-£fli w £7 UMfc L fcKJJMfcK 'J v-ffl* JftjR 
-f & i k fc J: 0 *7L«*-#y«S*JPJftr4 - k i>m 

jK y 9 n^Hf yx k'^ff £>ix& . 

[0247]*-*' y ffiE*^ y k mjm&x y v 
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f^-aTT.ig^^tt, OBDDffl3ft4fcl±^n 
-< H ( Gy r o i d ) iiiWS LV\ 

[0248] MftM&#V^-mk#-#>mmmztt 

Lxmmmco^ ^ y -?-§i£^nr-& 7"n -y ^ 3^ y 
[0249] ^a^sa*flwofflassas(i y A>f ^> 

V~iJcWtfflfiOflflK)*^-fcHi 5 00-1500 M 

8 0 0 — 3 00 0°CTfo& . ^fLMmffiO^ttSrl^i 
Sii-i>^46(;ii, 2 0 0 0-3 0 0 Or-CSMLT^ 

7t^ Mt£ii#>l>.rk##?iU^ 

[02 50] ^fUt^-#>«tts ^-sKXlWBttnK 

y -?~mt , Jtftfci^s i omm^«^ ?FM-rs^ 

'J v-^^^r^rn >y ^ 3*°>J -?-36>A,fMWS i k 
ti» ilJMCS i -Ha^T;t'3^v';waS:^r-ri.* , y>' 

S (Polyhedral Oligoraeric Silsesquioxane : ^fyi^n 

^rr *° y v-is^#(f . 

[02 5 1 ] iioj; a ^r^W^-^^JfitmtJKl* 
"T4 k . 5 ^nffl^MKflBftft^StLfc^-sKyfflk S 
i Op,Mi3HffikO^-yay^^>y h^B)£$tL^. £ 
«t73y^7 bS:B^r^y39La^ktT. S i 

k LTfflV^*i.&^fL«*-iK>*»& i k sfi^S £ . 
[02 52] i 3 LT»JSS*ufeSB!I«=Sr^yS?Lt* 



(30) 



5 7 

k LX MCS^ 5 £ k *»T * 2. . &fz . ^TLc7)?L@*i 

4f«J5f Wsfir^PBflK&W* t ft Z i: a^SrV * . d ofc#> , jR 
«®ffi3r kOfl SHCKW? Ot * ft . 
[02 53] OBDDfSjti^fj^'n-f H (Gy r o i 

d) HJS&iftfy'Way-r'f - ^Txmm^-fh^ll 

«#f^J 2 0-8 0%, tWL 
<(i4 5-7 5%, J;>7»4L<ii5 5-7 5%. §^ 
fc*?*L<W;6 0~7 0^>t6Hfcr$-*. O B D 
D . 1 OfO^ U v-fBOfls«#*£ 6 2 

b d d ffimco$mt,zm 3 coiiMffl^'ffM s ftJt t> coxh 

4. OTDDfljjtJi. 3«<7)*fy7-^^^i>hUy 

m3 <r>mcotim-ftmi.4 0—70%. »sl 

<H4 5-5 5%tiS5Et4. H^t. AfflOflcftiHs 
/BffiOfHIH«S£, 0. 7-1. 3,»SL<(40. 
9 — 1. K J: D#iL<ttl 
[02 54] 5 y affi^ffiffiJt^fl-TI, y'n .y y 

=f- zmmLxim s fttz^mmm t \tm& 

flfc&WJ&S: kfc i -5 Tiffl^T & ft . H^7C«iS#:OBTH 

obse^So 2 fgoest s s^nw^f y m<r> i ijco 
IStSL tf - y ft . fl£*0>«*frp MSS asc 

msmmcom^zimm^mm^co 2 2 
t v~ 3 wfiaifca^F t r- y »^ . z 

ixlzM LX . &mm=<%7€MBffimco$&l / zteS~ 3 k 
2 ^luSfcW&OffcSLb- y iffltih . 
[0 2 5 5] 5 y offl4MBB!je*»fefa!S*iiHJJC7C« 

v-^y'5 7ha^'J v— «#?4£SE;t ft liCio 

fc#?LfWB*#l!-r 4 Z k 3&ngHB t^rS. 
[02 56] ^JL«flfia*t jK'J T- 'J >\ 

fflv^it § . i^x^ji u >f ;*yn&m 
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[02 57] ^ y 

10 #>nm*imt&zk\3meci>r>t:. ztuznt 

k fc i -5 T mfl fcW»t « i fc 3&*T" # ft . L tz 

-#>mm*comii±imiz&)Mx-kis ^? t'coxm 

^**aK-(w« i k ^-cs ft . 
20 [ 0 2 5 8 ] ei 7 tie«^ 9 s—Juwmmmm>com±m 

-€-nm^TL»^ry-KMM«®i 1 . mmmjai 

0. ^V-H (^*«f4) «ii^^m^?L«o^ y- 
4fcJ:t>'fek^X^-^>-^;H 

r y- KM^ms nt^y- Htuntm 1 4 k co 

IHfcrn h >-fs^3&^5rft«»«M 1 63&^*ixTV^ 
ft 0 

[02 59] ft&j^a^jRK^jBMi 1 1 is J: WSWoSfx 

30 f^y^/H 5<7)STLSi40. 1 //m— 1 0//mti£g 

-fft ; t U\ S?L@^/h$-f-#"ft t 3 

12«Mgli50nm-200nm, Ty — HftHSSE 
S 1 1 is it/* V- Htt«E«fiE 1 4 O^TLflti 10-1 

Jit' i>mimii 6 0 %£Lh, § t> (c 7 0 %£l±.xfo ft ; 
t*WiLv\ M^-fbBl 2, ry-HJMdHWSl 1 
40 tJit/*V-l«j!HS««l 40liJ¥ii. l-10ximtC 
ISS-f-ft i k k v ^ KW*«IW- #*ft b fmtfxtc 
bco? nx^-A'-^^ < £ D SftWfiTt-i . Mi? 

wxmmfi&ktub^. mmmi e^zim^x^ 
yisa^*-rft#y^*^y^-, ^y^x-^ s^v" 

[0260] 77- FiHtSCliP t»4^k\ 77 
y-h'«««ffiti±RuMiK-?=3rk'0*^Jimm-?*ffl 

50 d^kT^^ftik^-C#ft 0 fckitr. 7'n 7 ?3 
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[02 6 1 ] ifc. 
•y^n^'jv— fc. 



ambk^p *tw«i/wif a - b 7o 



flisetjgjSLfefcst, 10 

[02 62] *»BBt4s^T , ^JL«Xr-#vKBS*li 
OTfcS^fSSfc J: -5 T t>*aWN& i t & . £ co 

M^-^-LTv-f ?nx^yg y^WH^ilDgi:, 20 

ffl^Mffijt^iSMh LT, £IWtrfcK0J3*ifc£JL** 
[02 63] ^WfHSIIiiOMfEtt (#-*>i«iEflO 

=mti-? vwt&z&mtsfttemn lt *> ± v*. 

[0264] #HSHBW^fc:«, sKU rntw^^ 
>- H i: rK U xf !✓ ^ ^ r t •>/ ^rj^'J v— o 

y n -/ ? ^ *° y v-4 57b3^ij7-; *r y * 
[ 0 2 6 5 ] v-f ?ni7;l/yHyt>t*iL^3n>f 
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^ y >-^-^ 1 l < (4x^7cffli^«ata fcia 

T«^tt»IIWfl*<0^fni!^*»« L . ^7L« 
[0266] |fiBfiStBW*fflv^TJgjSS*i«ifcK 

^-yXi^Sffi^^mxaJi^-r^^v-^ tcjgffl Lit 

[0267] JJB<O^Fj£fcfeV^ , ftWimMb LXX 

U ^oa^^MfiicLT^-^yii^K^-f^^fc 

'J t «t -5 t AI»Ml5«iy;k* Nt£ LT t> «t \ \ 
[0268] XiaO^ffitfeV^T, WiBfiHBWfc LT* 

fLcOT^lTLgtiO. l-10nm, §fi,{:0. 3-5n 

Hfy/Kyt>x/i/^yit h y ^^^cnmirn 

^t"&»AL^T-^-y14^»|t^j ; y^<^ 

JSriffOJMHTyt— f A«, Sliey^-T/A^. *jl 
*fL&. ^x^A^TL^-^^^y^A-f^-^X 



m 



6 1 

[02 69] _kiE053ri£fctSVvc % IWlfiSffiWfc LTS 
* fzmmcox - # VflBtfls £ imx # h . CcO J; o% 
L<(x3£-ftffl<07 * 5-=5r4f t UTfflV^4ik**TS 

[02 70] ±IE«*attJV^T, ^-tfVituIMfci: L 

U yfllftWKfct * * 5 A fc JBBT/l**r7l**»* 'J x- 
^/l-*3r fcoM#»7)# 9 A k *<3£StffiS$^»3t 

mm s fi. 5 . <r on* £ aastf- & t . s«*o * 5 

[02 7 1 ] *«W<0*?L«flfia**^-h«4!tlif 

wm?&zt&x*z&„ Jf, x^/^'-»t(;j:-, 

* § & a. - ^O^H fc . ; ^ - * r 

i<offl*st»ji(i. isv>y-mm. juzty^j-*. 

v\, A>f ny-f* - .xTXfifjttiiO B D DftBt. i?u 
^^x-yf-y^LT, y-h4£4£te4»^Mfco:7 4/1- 
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[0272] *^9J^^°^-y?fM«^6ffM$ix^ 

5 0 0 nmcomfu-fe/l-^^^SJUiUW^^fLW^it^^ 
-f S EMe^PS 5 0// mlMTcO K^< >f LfcflBt* 

S3iifcjS»K?L£^4fc<W#*L<. OBDDi 

10 5 — 200nm, § 1 0 — 5 0 n mtibS i fc 

0 7 ^;i-^-k LTStfflWtffifflTS*v^. 
[0273] *J»!BKfli47 4 /I'^-lifSSffisHHIt^r 

mizm^xmmtm^? < ^-m^wmL^m^ 
mt-t&cDtf^K zcr>x5^mwmm.xu, mm 

s *-r s * * ^ y tfoa-^m ^fflv^T, is — v t it u 

■T5ifc(c«tt)#?L«IRfrf3!-r*. *WJ7-Ji 
*^:SSF«SEttffi ; R I Eti^i^x^f 
V^' ; m^»f ; 3rkOx^;^-iaB3J^k^tLtc5l#M< 

30 *tf>», zco^iwmcommiz^ fo7a-f^ 

[0 2 74] ^^^y-7-^H^^6^S^-J. 

x o . jtR wmu* w < o . 5 - 5 m mm^n 
&<7>*&%m/gmh wmm^y < jv^-m^n^z 
40 Bf&Lxftmmmt Lxi>*<. mm&m$:fa±zi£ 
h±.xitmtz^%}X'foh. 

[0275] *micr>7 -f/I^^-ti, j»fK. 
»#iMiit, iKKSK, RB^h^ifiJS, W^^jlM. JbjS 

MLTJ4, ^<e0«-^7 <)V^-^J a.-)V<7MmxWi 

[0276] *mm%?LMMmfoi:±£ 10-100 

* - ^ -co s?l & 6 ^mmm izmm -r s 

50 i^I"!Bti. i«id**(llttWH»#?L«Wlti. « 
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^t't:mmLtimmwiamizj:^x i o-i o o^m 
&nmmitmk*fmt& . mnmwm^m^xmmiz 

[0277] ^^-y»Jj»f«<0ffi4H«lflBtfc , 
Wj&l&Ztl& . 5" 'J >^-«jtT1±ttg 1 0-2 0 0 n 

misot y * - ? -^--r-co±$ commmmmm 

X"%&. JX^WkX-\3M% 1 0 — 2 0 0 nmiS^g 
m£««fflil»'7FM£fi& . AWayf^-i7Xl 20 
itTti 10-2 0 0 nmglO^I SWJWa-fe/WSjaSH 

[0278] CO 4 5 £»i»^?L««fcJ4, K 

jfiLfcifraHra, Rfls&ifcM, ^-fuejyw, *fe^J (* 
h») , ^urm, ivtf. Mitf j. mm, it 

[02 79] ^WcoWMMM. ^iwmmttzi±^ti 

fetttt, 36*W&iTKffl^4£i:#T$&. ^ 30 

[0280] ^BJ-Ci4, *ig*^f A-^^fRR-f 

? offl#St3 -€T 5^ t , U -7-T'Sa 

7«iiO#*° >J v-go^Q^^K* £ffM"T h XM 40 

[0 28 1] Zcr>-Jjm%m8 (A) — (C) £r#38LT 
BPS - * - S . - <90fc*S WC , 2 1 (4 A - B 7"o y ? nrf? 
2 2{4At3t(4B^^^U-?-, 2 3«4AMit 

4 3 fc, fijfijfc* 1 ? 0:30-30: 
70, J; L<J45 5 : 4 5—4 5 : 5 SOiSHO 

i<7)S-ffl^s„ znmAzmmizmmL. «p-o< *)t* so 
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jfflfl8±THF, T-fehy, h/kxy^if^ 
•fLU ffiSJS^O. i— lmm^s«^;::2r&4•5^;:^-5- 
[0 282] tfz, Att#V*?--k&)Kfmtti&fr 

[0 283] $2«I, mi OH, fc4lXSil30jl£JII 
IKJK-f-ti Affl fc , B # U ix/S^JRMS-? (4 

z <r>r-~)V<rm\iz^ 2 ooAWStttTOBWk Wfe*« 
[0284] ifO^£Ti4, BH»3&«%-!arJf «MfBS*» 

«itt i. oU'i fcJi^)tt»'C>fc*ii*saK-« ; t arc 

[0285] 

[H»J ] £[Tt*«BB*SaisMtca^v iX mwmzi^ 

[0 286] [^M] 'Jh'y/r-^yt^CJ:^ 
^'Jxfi/y (PS) -^U^^^U/Htx^ ( pm 

MA) 0yV07^3^ij7- ( 1 ) ^MUc ^-#1 

2HiafifcHL, *4i-fcatjHW&JR0H»^fc. iix^o^e 

RJ£«i: LT(4M7KTHF (fa.m^M) JffltL, 
JBbKffJfc LTAKt" h 'J ^A^AttT 2 arajMSSl^fi -5 
fe. fi-^ffl^Jb Usee -^WUf-^A (BWfl: 

[0287] S^Ht LTjDJIRJtE^ (iE*7Xtt 



(34) 
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«Lfcll. 3 04HHElE*«lttUfc. RJG»fc«:5HI 
(GP c ) fcj; 94HF**«jeU a£S*bfcfl«fc: 

OflflflKfB RJB}SSS**J>*J**tfiU gpck 

i^ficoi, 1' -x7i- ^xf-l^^S-asjnL^. J5r 
MeoiHPSSr^Tt S U * ^ ? D ;Hg^ f;l^)yn «y ? 

<7)t;^S^r»c7)^ ? ? y ;t^Bg^ fvHE £iff 
TLT 3 04HHRJ&3-£fc. Rl6»»S*iHBfc&aiU 
GPCti 0Wao^*^f#^n/c£ i: fcWBLfc. 
^^y-/l,*iWlirFLTRB*ff±$-*t«, RIGS 

tBBRLfc. RiBats^^y-zi^fcarrL-cHafeL, 20 

*3iLfcflL ^Uy7'n 7 ?34fiJ?- ( 1 ) 

[0288] i/fu •■/ 7 atf U v- ( l ) j£-f &# 
7'o «y ^co^-iii. ^'jxft/y^'e 5 0 0 0. ^'J 

VM8l**M$\ 3 2 0 OTAofc. ifc, ^ 
i^flj ( Mw/M n ) ii 1 . 0 4ti>-5/t t 
[0289] KlTOilSfeMT-ti, i^Ao - y ? a^U 

( 1 ) iii^WP S - PMMA«y7"n 7 ? "7- £ 

tixf-i^^yv— tjiuf^^^u/m^f-^yv— 30 

[02 90] [UttM 1 ] 2ll%<7)y7'n -y ? 3#'J 
v— ( 1 ) IrTotl/y/y 3-;R/xf /l/X-f/1/ 

T-t^-b (pgmea) fcjfflifL, c\<nmm^^>mh 

tzik, 3 >f yf-@C0S i Oli±{;2 500rpraW 
tJ'a-bUfc. I»l 1 0GT-9 OgflSHmSRL-C^S 

#Hfl,ttH;::BV>T 2 1 0°CT 1 03h IV^13 5T7C 

1 0B#r B lT--;w^tT-57 ! i o 2 1 o°Ciir^U;ko-*ft? 40 
±B<f L£ *tT x h° y n - h fecommzm L£& z t #t $ 

i , 13 5 'Cgg^SST-T--;P-r S fc 

•y 9 a sK y v-o $ 9 uimmmm i < itfi tr 5 7 

[02 9 1 ] £OfiSm:#fLTs C F4 s 0. 0 1 t o 
r r„ Jtfi^l 5 0W. mMM3 0 W^ftt 'J7^f 

-f7'-f^yx7fy7' ( r 1 e ) arffofc. itox.y^ 

Ahox-/fy^IIin : 4£Lht^rO. P MMA# 50 
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<7)fJL i^tffitdtfLT. O2. 0. Oltorr, 1 
tltt 1 5 0 W. 3 0 WOffttT -y V i?"2rfi 

[0292] £C0*SM. 3 y^flOS i OlI^I 
ltt@ 12nm, ^$15n m(0?L^" 1 ¥^T/^ mft/l 
Ofi700 BeflE<oaFJBtCIIHr^lBIIHt Jgjfi $ sfxT v ^ 

[0293] ifc. y/n'y^^^'Jv- ( 1 ) t*fL 
TfPJfc L"C 1 0fifi%(7)^i?^7^V-h^j3s 

Jul. 1 o°c-ci o^, »^i3 5*c 

JML, JJEfcH— OjfettTR I E^fc. £ct>IS 

[0294] imm 2 ] mmm 1 1 isi«co^t\ 

5 0k VOjDjimJE. 100xtC/cm 2 c7)B3 

stMnr^tt * - jg^mtt l . p m m a ct>±m s w w 

(MIBKf:IPA«3: 73^«?R) T"6 0WS8M. 
htzm. I PAf'JyxLt, i 0 ±«6«BBf 

S*ufePMMA*Ht£Lfc. iXt, a#L/tPS^±)?g, 
^tW-y^^aT, S«2r7-/S8T"1^ 

rax>y^->-j/t5t. -t^a, T-thytp-cmmmmz 

[0295] £f0MS, ^'^XS^O^ffitC, ESI 5 
nm. V^S 1 2 nm^fL^'l^^mfc^O^? 0 Ofl 

m&com&Tmzwmmzftmztir^fz* zcoi. o 
t *»r # i> . £ toss t . siifeM 1 com^ tmmiz. j\ 
[0296] ¥m*mm-&Ki> o tmw* ua 

m 2 T«0 .15 4 nm«X*^!SWtfe(j3WiH« 

[0 2 97] [HSSM3] yVny^^'JV- (2) 
(^'JXfl/V : Mw=l 0 60 0. ^U^^^U^R 
^f/kMw=35800 1 Mw/Mn=l. 0 7 ) §r 

fflv\ uss^ij 1 fc Rauwrffi-c, 3 y^<Dmu±.^z 
7vmftM.mt l zvmLzmMLx pmma«±i» 

T« L , t «fc 0 ± jf^'-KIISf S^PMMASi 

*Lfe 0 i^C S#UPSJM#J:tSA7-y£ 
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[0 2 98] iCDSj&H. SR^BSKISl 5nm, ft 
S 1 2 n mfljSeBtttfHSSfflB* 1 1 W-Jjju m|»f^»6 5 

-f - k h . 

[02 99] [HtfeH4 ] ^MLtiC 
h5^7T-lfc UffS 5 0 0 nmO^>jXf l/V 10 

T~mt LXm$ 1 0 nm«7/R-7AMIfL 

(3) (* ,| jXfl/y:Mw=144 6 00, ^'J^^ 
? 17/Ht*-?-;l- : Mw=7 0 7 0 0, Mw/Mn= 1 . 
07) SrSOnmOJJ^tXb'yr?— Mft. &WC\ 
HJfflH 1 k ^«C7--;^ffi\ S ? nffl4MKK*» 

[03 00] rcOlSStMLT. CF 4 , 0 . 0 1 To 
r r , jftfrft 15 0W, Rffft3 OWO^frfR I E £ 20 
ffv \ 5 ? nffi#JilR0> P M M A *8H?Wtcx -/ ^ y 

t, O2, 0. Oltorr, mn&l 5 0W, Kltft 
3 0W«^ftt7 -y^-y^frVK JSfcLfcP S*»fe=Sr 
fcJ^T/l/S— i7AJK#x .y f-y^SifUigfl 

^•Cieaj LT v >4 »K U yjRfcllfe* Lfc . £ OMP 
tcMLT, 0. Oltorr, Jttfrftl 5 

0W, Rffl»3 OW^ftttR I E£ffV\ ±.mcOT)U 

Lfc, I^flCSU, Bl/Oz, 0. 01 tor 
r , JlfT ft 1 5 0 W, MItft 3 0 W^frTT >y >- V ^ 
tffv \ SSU^'J^f l^vMx -y f-y ^ Lfc o 
[03 0 1 ] <l£OSa. Mlt^^ffit, till 10 
nm. I$120 0nma^MC7W hit<7>« 

i *lb&* 1 ¥^r^ mfe/i>)3 5 mvMWXM&S fttz . 
[03 02] [llM5]y'jay^i-Aii;li5 

0 OnmtDS i OiMMLt. S i O 2 ILBcTf Eft 
fSt^W# l Jx7/' (Mw=1 2 00 0, x = 
0. 4)«h;lxy}|ilrl^L 1 a;-^ltIS10 40 

[03 03] 
[ftl2] 
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[0 3 04] Zcr>^~ yv^yxyr— JK_t^ 
n>y^r?^U-7- (4 ) (^JXfl/y:Mw=120 
0 0. jtfy^^U/kgb*^ : Mw=280 00) £ 
MTfiL, 9 0 < CT2^S / <.-^ LT/?£4 0 nm<0 5y* 

[0305] i^tSW^MLT, CF 4 , 0. 0 1 To 
r r , MftWi 1 5 0 W, £CStft3 0W«jftffTR I E i 
ffW 5 ^ nffi^JffiJKO P MM A iSHWfcX -y f - V 

HBrSf5 0 seem, I?S8 0mTo r r, UiS 
W3l 2 0 0 W«|ff 'j^^ylSi-yf^LT^ 
?-y£<£¥US. B^U^'J y^yffi^igPWiP 

s*^«7x^^iotfei +^&x >y f - y rmm 

JVX^tU, C f F 8 »tt50sccm, CO?IMl 
0 s c c m „ A r StM 1 0 0 s c cm. O2 S^M 3 s c 
cm, lOmTorr, HjSITj 2 0 0 WCO^ft- 

#5rx y f - y ^"pfftt Sr »o £ k £i;b;6> ~> . o tz *K 'J 
y 5 yflWi*lir Atf 'J >y BMTffi 

[0 3 06] [HSfeM 6 ] 7 -f — H 'XS'/yay ■ 
X -f 771/- (FED) SDfflgk lO'f yfg«^ 

5y77r-IJ: US i OM^BCWL, 
^<D±.l,Z±.m^?—>h : 7>X7T-mb LTT;l/5- 

r7^UV-(5) (^'J7f|/y:Mw=1 2770 
0. ^ V)VW*i-)V : Mw= 1 1 0 3 0 0 0, 

Mw/Mn=l. 30) k, ^'jXfl/y^'JV- 
(Mw = 4 5 0 0 0, Mw/Mn= 1 . 0 7 ) k £ , S 

Sib 2 1 : 7 9t7>yKL, mBtt&5mm%t%:& 
iat:xf;l/^ny/17'7-fef-b (ECA) t?§ftft 

1 1 0°CT"^S$-1i:, ffi?9 7 0nm^'J 

tcAti. S«#ffl^,Ep^fe^T, 2 1 0°CT"1 Ott.M 
5°C-C1 0B#^T--;P2rfi : v\ S^nffi^St 

[0 3 07] ZCOtmiZtfLT , CF4. 0. 0 1 t o 
r r , jiffft 1 5 0 W, Rffl&3 0 W«*frTR I E Sr 

\ 5 ? nffi^SMSw P MM A * iafiRWfcx ■>/ f - y ^" 
t. ?^(;Si¥L^P SW^-y^vXy' k LTTtt 
iOT/l/S— ^ixJRS-x-yf-y^LT^^— y^K^L 
7^ o P S <7V yfc i: 1/7^ 5 — ^ J±m?); ^ — y Sr 
vx^ktT. Sttit^s i ORS7yiW:J:i)xyf 

50 ^. ^-Ofi, OiTyv-v-Try^y^iffV^ S7f 
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LftP sw^-y^iJL^„ 

[0308] <I(7)^S. SK±t;ilfl*t;8 4 0 nmOTL 
£3 0 Owmx 1 OOjumWit^'). &2 3 0 0 0 

w&fcthz.t&'zzti. ?Lco±#§o^i±±i 0% 

—coMcoWzi/yn v?a# U v— LT^S ft 

ft*x f^7i/-«fflittt mffiosnij&^iestc io 

[03 09] *^«?JO^&T"7FM LftHitJi. 7 4 - 
A-h' •X5.yy 3 y. fa7W (FED) ft'tfTtf 
<, ^X ■ y-b ■ ■ f-(^7V-^ 

[0 3 10] £ft. y7D 7 ^ajJf'J^-k^'JAf-I/ 

v***yv-fc cosmic** L-c«raBWi: Itioi 

2 1 0°CT'l 0#\ J&vvf l 3 5°CT"1 R^Peli: LftJiW 
ii±fB fc nffl#HMB£ JB?j£ L . ±12 k H 20 
-^fft"RIE^'»fc. a£BLL£_fcJEfc 
IM«^W^-y£ffM-C§ft<, a C«JS: 

[0311] [HKM7 ] 1 0M%«y*7n -y ? 3jK 
!J?- (6) (^ijXfl/yMw=1 3 50 0 0. PM 
MA : Mw=6 1 000, Mw/M n = 1 . 1 0 ) £T 

H F izmm L tzmm. £ t- 7 n y <* - ]✓ toW ft L . f ^ 

ft, i«7-<^A*Siatc3Hiia^mai»s*t. 

SKLft, ^-<?XtS» PSflfciVPMMAWWii 
iigt L ft 3 &tc<7V qnyf-f-a Txffl&ffifSL S ft 
T^Sifc^'it!S$*ift« 
[0 3 1 2] «lCO^-f;l^A^JP3^mjE2MV s lOkG 
y coJSSHtCX? 1 SBftf U I P A £ jfeflD LT P S O 

mu swffiiffim^wswc^KLfc. ^oisn, p 40 

cd; Uay^^-a. TXffim k mmmTh h^k im 
[0313] ;»7«l-ai±, -t-jx—?—*—y—<r) 

•y r- U — ^ -W n° is 9 * 1/ - ? — =5: if fcUMW § £ 
[0 3 14] [HS6M8] lfiM%C0^^n-y^a*f>J 50 
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( l ) £*fl^f-vyfcjB»L-C5»L;fc«, *K>J 
•7— fiico lll%^f 17 7^7^^- >7A ■ ^ 
t?nn77f*-l (IV) ^Jn^ft. ,I<7>}§?££3 
'f y^-gOS i Oillt^ftX h LTJ¥£ 2 0 nm<7) 
H£ffMLft. 1 1 0°CT9 O^fiBftfiRUTiffiK 

^m-fts-ttft. %com. mmzx-yyizxti. mmw 

H^tpfcrtSWC. 1 5 0°CT-3l^7 > --/l-£fi : V\ 5 
^nfflJHKittJBffttfe. £02: PMMAtftf 1 
77^-77^-7^ • ^7?nn77f*-l ( I 

h'jlTOBrC'J yx LftfJL St/ 2 0 0T7C 1 fifHT-- 
;kLT. rh77f;l77 : E-7A ■ Mf?Do77 
i-*-h ( IV) SrS^jgTcLfto 
[0315] ZCDmmzMLX, C F 4 s 0 . Olto 
r r , it^Tlffe 15 0W, RW»3 OW^ifttR I E * 

-y^-y^tft. -?"Of^. O2. 0. Oltorr, itff 
«15 0W, OWco^TTv^y^SrtrVv 
S# Lft P S 7X ^ * Bfc£ Lft . 
[0316] ic7)*§S. 3 y^flOS i 0^«<7)^:H 
\>Z . 1 5nm, KlOn m<?3?L^ 1 TTf^ mfeft 

•9*^2 0 0 owmmnmmTimmmmzmmzti. § 

[0317] 9 ] 1 ll%Oy'7n -y y 5 rjtff'j 

( 1 ) *DMFfcifflBL-C<&aLfc«, 
MO 1 MM%c0^r h "7 7f-/177 : 6— 7A ■ ^^^u 
v7°yj-*-h ( IV) &WmVt:DMFffie&imjLX 
-ft L7c„ ; O^it t . 7K*-ft* >7K7^ b U ^ AO D 
MF^SStJD^T. 7177^1/77^-7^ ■ ^-tf 
;nn77f^-l ( IV) StjstcU f%SS4nm 
^fiiiSf Sr*fm$-t*rft . £ o^S^ 3 >f y+mm s 

i Olt±tXh"y7-MTS$2 5nm«M^ 

tft. mm* 1 1 o°ct-9 o#p H m»itT^^M^§ 

■tfft. ^of*, K«^^--7"yt;Aii, S^SHM^tc 
fcV^T. 2 0 0°CT'3B#P E ST--;l-^ffV\ S^nffl^ 
giffi^ffMtft, icoi:^. PMMA^deM^f^ 
ffitirtZ . 

[0318] ZCDKfMzM LT. C F 4 , 0 . Olto 
r r , ittflS 15 0W, MSt^3 OW^fft'R I E 2r 
ft\\ PMMASfflWfcXyfyy'L, §^Cg|#t 
^PS<OA7- ySrVX^t LTTlffiOS i OitJx 
■y-f y^'Lfto -eOflL O2 . 0. Oltorr, Jt^f 
mi 5 OW, RIM3 0W^frt77y77^ffi\ 

Lft P S 7X ^ £ Lft . 
[0319] ifOfeS, 3>f 7fg^S i OlS^B 
lt@l 7 nm. ^§10 nmtfDfL** l^jtxmfcfc 



7 1 

v tftff . TlcD&Mtotm htz SEC LT tz 1 1 im 
[03 20] mMM 10] l fi*%<7) y/o -y ? 

( i > itmt^i-vy^mMLx^i&Ltzm, ^ 

y ^-iico l ll%f0f N 5 7'n (ill) -fef- 

1 OlI±tdf^^ b LTI|§ 2 0 nm^KJfML 10 
fc. »K£ 1 1 0iCT9 0»iaHlfl»LTJffiBEtSMES-fr 

V>T S 1 0 0°Cfrt>2 0 O'CS-TSBtP^tt^jaLTT 

/Mci 0. fh77*nti (III) Wt'Jy- 1 ) 

Aa^aBcfij^tTAOiS 1 ?^^*. i^>t*, pm 

[03 2 1 ] ZcmmzMLX . CF4, 0. 0 1 t o 
r r . Jtfrftl 5 0W, R|fiS3 OW^IK'R I E£ 

PMMA^ITOtl'yfy^'L, £&fc:38#L 20 

•y^->yLtz<, ^eYlk. O2, 0. Oltorr, jgfr 
}gl 5 0W, RftfSc3 0W(DfftT7 7 yy/Srfi 1 ^. 

[03 22] <IC0$SS. 3 -f y^@cD S i OSRO^I 
Kfll 5nm, S§10 nmOMlffi/imifet 
W2 0 0 0«B*<0*flteHB^IHIHfc»J«S*i, 3 
6 tciLflHSaWcAfi 1 ?**** LT V tfi. H«3r:J5ri£(c i 

if, ?LOjegp^*L^BA^i:^LT^hxi«14 30 
[03 23] imtBMll] 2W.<Vrl'irV'y?tfW 

-t LXit^ (lla) X*^tl&*})V#*i/)Vmi: 
SS-f'JXfl/y (Mw=83 0 0 0. Mw/Mn=l. 
0 8 ) Mfc^ (lib) T'*§^7S ,/»*S^U 
^^-;W^^^>Jl^-h (Mw=l 96 0 0. Mw/Mn 
= l . 03) h t* : E;H*ofi£U 4*VcT2.Wk%b 

ftiiafcPGMEAtjffllLft. 

Afl/ y t P MM A h £RJ5E§-£T y7n >/ ^ U V 40 

S i 0*KJi^2 5 0 0 rpmt^tya-Mt. * 
MS- 1 1 0TTC9 O^WaWSfeLTjfflBEtSlffc^'frfc. * 

2 1 0°CT"1 0^K $gWC 1 3 5°CC1 0 B#P(BT— — 
*tfv ^ 5 9 nffi4MKM* JSlS Lfc . 

[0 3 24] ^OlS^-MLT. C F4 . 0. 0 1 t o 
r r , Jftffftl 5 0W, OWW^fttR I E Sr 

fr ^ . 5 ? nffl^ilco P M M A £ W fcx >y f - y ^ 
U 8 fefcSfifLfcP S W^-^TXi' k UTi 50 
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<7)S i OSK&X.yf-y^LJt. -eOf*. O2. 0. 0 
ltorr. JftfrKl 5 0W. RM*3 OWtfMfefrTT 
7xy^fii\ S#LtPS7X?^iiLt. 
[03 2 5] i^lSS. 3 -f yfgOS i OS^cO^a 
(C lS@2 5nm, 1 6 nmcryflifil^-jjjjLmfotz 

o»ioo oiMmm^mmximmmm^wm^tifz. 

[0326] 
t-ffcl 3] 

o 

(lla) 





(lib) 



10 3 21} mmm 1 2 ] (12a) 

JyVf/l/^ony'J/H^'JXfl/y (Mw=8 
5 0 0 0. Mw/M n = 1 . 04) fc-f 123*3$ (12b) 
T*£ix& *R£jRSf>}}c 'J ^ ir/py n^-tf y ( Mw= 

1 6 8 0 0. Mw/M n = 1 . 1 0 ) b ^W^i-T^M 
-^■L, fciHto h )J x^r S y £j&Bii L . oit*C 
2li%i:^SJ;3(:PGMEA (cjffllf L £ . Z. comm. 

i: *)Vi'X3*Vyb ^RJCBS-^T y7a •/ ^ 3 

f-@<7)S i omM±.te2 5 0 0 rpmt'Xfya-M 
fc. »K£ 1 1 O^CT-9 0*Mfflllll3RtTJfflK*iWfcS-ti- 

UT. 2 1 0°CT'l 0^. fgUT 1 3 5TTC1 OKflBIT 

[0 3 28] i^lSWCMtT. CF 4 . 0. 0 1 t o 
r r . ilfi 1 & 1 5 0 W. KSt<fe3 0W«ifrtR I E Sr 

t6H, 5 ^ nffl^JfiRw*: U ^ f/l-yn^t^'M 

7X^J;UTi»S i ommtf^>yJ->7'$tlh. % 
com, O2 . 0 . Oltorr. jtflig 1 5 0 W. 
»3 0 WCD^rT'T -y ^ y ^"S^f V \ Lfc 

[0329] ito^S. 3>f yi-mcos i OSMtO^B 

I@2 5 nm. SIS 1 7 n m(&fUP 1 T^TjU m^it 
0*t7l 0 0 0«^<O»jrc«HMSBMBfc:j|?jaS#ifc. 
[0330] 
[€14] 



(38) 




(12a) 



HO. 




Me % Me 
Si— O-H Si— Me 



(12b) 



Me 



Me 



[03 3 1 ] [HJfii^lJ 1 3 ] S. Demoustier-Champagne£> 
(Journal of Polymer Science: Part A: Polymer Chemi 
stry, Vol. 31, 2009-2014 (1993) ) (TXtfMz i. 'J 7 x 

— (^ij7i^Mf^y5y : Mw= 1 2 0 0 0, # 
iJXfl/y:Mw = 4 80 0 0, Mw/Mn=2. 1) 

[0 3 3 2] 1. 5ll%t0y'7'O7^3^y7-^b 

/yj^yizmmL^&Ltzm. 3^yf@«s i o*^± 

C2 500 rpmtXtyn-hLfc. 1 1 0°C 

T'9 0#^JO|^LT^*^$^„ 



0£\ 11^13 OmfflT— — ^*!ffV\ 5? 

[03 33] ^OfSWtcMLT, CF 4 , 0 . 0 1 t o 
r r , jtftiS 15 0W, Rffig3 0 WO^frt'R I E Sr 

CSffUPSW^-z-^VX^J: LTTlffitOS i O 

ii^x 7 fy/§lis. -eof*. o 2 , 0. 01 to 

[0334] <l£OSa. 3 -f yf-fgtf) S i Olt^ii 
fc, H@l 2nm, g?§ 1 0 nmcafb&UT^juniJbfc 
9*^2 4 0 0«g«tf>WflETHB^BIIBfc?eiR$*i.fc. 

[0 3 3 5] [£*W14] *y?-i:Ufl^t (1 
4 a) -C^ftSVX^ WJi/Vls^ fcitMfc^ (1 
4b) t*^S7i-;M^^"JI/- r-£fflV\ Ut' 
y^T-^-yfi^tcJ; (14c) X'^fih 

^n-y^34fU-7-*#ifttfc. JtffcS^CJi, THF 
ffrfcfcWCs HffitM'Jt Usee -r-fvUJ tffl 

i±. HWfiMw= 7 0 5 0 0. Mw/M n = 
1 . 2 , stfU y^y/a •/ ^<5D^fi= 14 5 0 0, 
ij7x — )V* 9 9VV—y~?X3-,9 c^fl= 5 6 0 0 

[0 3 3 6] 1. 5fi*%£0^7'a-yy'a^ > Uv-Srh 



10 



20 



30 



40 
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tC2 5 0 0 rprntXty^-Mit. *SSr 1 1 0°C 

^■-y'yizxti. fflR#HSW»K*swt, 2 1 o'cti 

0 3h MOT 1 3 5°CT4 OBSIBlr— — /I'SfTW 5^ 

[0 3 37] ^(DtmiZttLX. CF 4 , 0. 0 1 t o 
r r , Jiffift 1 5 0 W, £CSt^3 OW^tR I E * 

tficos i ost^x-yfy/sai., ^-of£. o 2 , 

0. 0 1 t o r r , jtfrigl 5 OW, R1M3 OWO^ 
ttTT «y 5" y^Sfrlr > , mifLtztf ] J 7 x x/k* * ? >J 

[0338] ZCDtMM. 3 --f y^iOS i OWM.CO^M 
C itfil 4 nm, 1 0 n mCDJLtf 1 ¥JfV mfotz 

r>mi 4 o o»e«w*irc(aa^iaiHfc:^jss*ifc. 

[0339] 
[ftl5] 

n-Bu 



S: 



Me 



Si 



n-Bu 




(14a) 



Ph 



(14b) 



Me 



Me n-Bu, 



4— si— si — Y 

\ J_ | _ /n 



Me 



Me n-Bu 



(14c) 



[0340] [HJfcM 1 5 ] (15a) t^Sft 

^X^-l^y^^yx^^y^-Jf^Fv^cr-?- (Mw 
= 14100, Mw/Mn=l. 04 ) aiW'Xf 1/y 
STHFfcjB»Lfc»«fc5^*;HTOWfc UA I B 
NfcJni, T^d>3f|HMT, 6 0°CT-6 0B#rajDSftt 

;»777 ha*r'jv-{i, llf%jrfiMw= 1 0 
1 00 0, Mw/Mn = 2. 1, Xj-V>^<r>ft=fm= 
1 64 00, ,-K'Jxfl/y^yF;v7o?-a»7l 
«0^*= 84600Ti5ot, 
[034 1] 2S*%i0i?"77 hJif UV— SSaxf-ZU 
tdSWU 3>fyfa«SiOIR]:K2 
5 0 0 rpmtXtya-M/i, a^Sr 1 1 0°CT'9 



50 7">-^AfL, 



MWUCfcWC, 2 1 0°CT"1 0 



(39) 



7 5 



4h MWt 1 3 5*CtM OB#PalT--;P*^V\ 5 ?n 

[0342] ZCOfflPUZftLX . CF4, 0 . 0 1 t o 
r r , Jffcffftl 5 0W, MSfiS3 0Wtf)*tt?R I E Sr 

Mtf3i-vi'>? r Ztl&, ^COm, O2. 0. 0 1 t o r 
r, Ifitl 5 0W, KMm3OW(7)0iftTTvi'>7' 
SrtfVK SSLitPSVX^JiSLt, 10 

[0 34 3] £cO$SJ|l. lt±t:Eil8nm, 
0 n m CO?!® £ *«kfc:JBJfc*- 5 £ fc j^T' § tz . 

[0344] 

[ftl63 



OMe 



(15a) 



[034 5] [H»J 1 6 ] lilT«0 i 0 LT«^^ 20 
? rjjff U L£ . ^It h U ^ ACD^TT'^ 

«y ? 3*.° 'J i±, lifWiMw= 8 10 
0 0. Mw/M n = 1 . 3. *f'J V71/yar. » y h<7) 

[0346] £ O y'7n >y ? n 0 V— cOi^f £ltl»t 30 

^immMtiiT. 1 3 0°CT'5B#P^T— -/l^LT. 5? 

[0347] y'n-^ F«9tt^* 7 * rt^AfcfliaWEE 
2 M V , 1 O^GyCOmiMX-mfM^mtL, 

^-iv* 9 9 v^^m^mmth 1 1 i> iz, *f>j 

MIBK-^f y7°nt°/VT/V:3— /V (#:«Jt3 : 7 ) il 

Ufc. TEMTfi*UI:fc£*>, •7 4)VM$.VuA h*» 
L . aW^m.*^ S UTCft & £ fc 

[0348] ZCDg-Tim? 4 IVMZWJM. 1 McOL i C 1 
0 4 ( =feK9?S ) /70t V-y^— h^SS&^I^ 
-tbtf£. IttflO. 5 cmtfl"feft^ JPS^5 OjumCO 

wwa«#TL* 7 >r £ t#7c . £ commm^-m^ii 

My ^ H-J±comm$:&&mmx*mA,T-t)l>$:ffi$LL. >f 
yt-^xy>f 77i-{X7t7^f-l 2 6 0 (Sc 
hlumberger Instruments?!) SrffllK SfiKB^tdS 50 
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130MHz-0. 0 5HztxS-f >\?—?>X$:M 
£Uc„ ^LT. ^WeS^S:. tf = (1/R) ( d 

/s) frt>s#>fz, Rttwesfutsse-r >-t° 

(cm 2 ) % d{iff§ (cm)tM. £<O^TL«y^ 
/kMi, 2 5T7C4. 2mScm-i>aff4^ft7gS 

[0349] 4 ft . ±IB<7) >y ? 3 sff U 
>>'7"o .y ? a#V v-tc^fLT 3 w t U 
( b^v-;^P, ^lJjWj! (SO H) *4MR**feJa^ 

fWLfc. £cO#fL«7^;PA(i:, 2 5°CT"4. 5mS 

c m-i h&m^A j-yixmmz^Ltz. 

[0350] ^ti^comm^. ^mmmcommmmm. 

tXi i/^bn^niv? -fe;^^- 1/ -y x )V-t)V<?} J; 3 

[0351] mmm 1 1 ] hmm i 6 x-m^t^tm 

[03 52] y'7o >y ^ U V— t^* ( U 

H (DMF) tdfflft. fftmt^fflOM^i: Ufc. 
£ ««Mfi 4 0 °CT' 2 4 0 0 m P a ■ stft-s 
^ t £OM?&£:Xy >y MS6 0//mcO*^cOP#Sr* 
•T* ^- h ^ i 0 4 0 %DM F*J8SaEtftttffl tr , 
y'7n'y^n^'J-7-C0y-hS«L)t„ £fO^-b 

iasR^strr, 1 3 0 °c-c- 5 «^r--;kLffl^ffif m. 

*Wz<, Z\<r>V^ l 5 0°CT"5B§Pb1T~-;1'L. kva 

y7"Uy«*3B»Lfc. JnM«J±2MV. 1 OkGycO 

yrot^r^a-yi' (#;»Jt3 : 7) a^aaitfi-ca 
?#LT. #TL»iy-b£#7c. 

[0 3 53] £tf0^?L®^— btiflSlMWL i C lO 
4 (HyKfe) /7Dtl/y*-^- N^Sr-^IS-it 

jti«?t m-km^iwi/- h zfttz . mum ietmm 
lz . £ o«»«^g#?i^?L«^- h <o-f ^ 

*£^L7c„ 

[0354] [nsfcM 1 8 ] mum 1 6 xm^tzcnh m 

s&» 6 =Sr & 5"' 7"n >y ^ n jjf 'J v— 2r ffl V \ i^TcO «t a fc» 
Mff Lai L^tc J: 0 



(40) 



7 7 



[0 3 5 5] is7n v <? a#V*?—t l Z2 wt%«7x7 
-/^BHfcffiiBPJ (X57^f-BP-76, fefc^ 
II (80 S) £iRflllLfcS-&ft$' 1 8 O'CTiMMLT 

i 9 o °cxm& l . ft^o n&z^rt * ^- h r-f ± 

Ottm LT . yVc -y ? 3^ U h Zttm L 

fc. i <?>i/~ \- ^mmmmrfizm^x , i3o°ct-5b# 

fflT—-JVLtz&. JH3imj±2MV . 1 OkGyOlHSf 
*T-m^^B3Jf Lfc„ icOv—b^M I BK--f 77 
WjVTJVa-jV {Wmtt3 : 7 ) S^jffiBE+tr** L 10 

[0 3 5 6] iW^TLft^— htiiBEl M(7)L i C 1 O 

£f£. IttfSO. 5 cmtfp^t s J¥§*95 OjumCDW 

mmmm.-tm^nm^- h itntz . hm^j i 6 1 h« 

^ZfnLfz, 

[0 3 5 7] [^MMl 9] JJTRDid tzLX#&Jk7 
4JV?-ZimLiz, ^'Jxfi/y (P s) -jKU.*^ 20 

/k* ? ? U U~ h (PMMA) ^y*7'n7^3^ij?- 
(7) (Mw=75000. ^'JXfl/ya^vbfil 
#3p=6 8%. Mw/Mn=l. 03) COTU^yV 
U3-;l//;f;l/X-f^7tf-f (PGMEA) 
£iH§! L/c . ; tff y ^ ^/k* ? ? >J k- h 

S&tCTM 'y73-f •f^Lfc, i04JS*;Sr7 0°C 
T-JRS6L*:f&. SfgM^TfcfcV^T, 1 3 5°CT"1 0B# 

lar-— /n,/£. -e^iL +s*fcanfia«EE2Mv, 1 

0 k G y COflgSHtC*? IRtHSttLfc . £ <9*£* £ M 

1 BK-^f V7d f/VT/V 3 — /M flcHJt 3:7) 30 
JffiK+ , Cift» LT . »£>*ufc#?L« 

F*Jg5 00jum s ?hg6 0 OvmTfoK). % 
(OMmmUi3 5 n mCOO B D DMO«4HltM36#e¥ 
§ tliz fcioTV^ft. 

[0 3 58] [S1W2 0] JTFOid CLt^7 
J/Uf—ZftmLtz, #VXi-l/> (Mw = 5 10 0 
0, Mw/Mn=l. 03) btfV Jt-f-JlfX U 
h ( Mw= 7 2 0 0 0, Mw/M n = 1 . 06) «7l/ 
(Silt 6 : 4 ) tf>PGMEAjB»£WR 
Lfc. ^ 'J yt f /M ^ ^ 'J U - h 40 

T ^ Lfc . i £ 7 0 °CTMi£ 

L£f£, SSStSKTfciSVvc, 1 3 5°CT'lB#PeST-- 

jvlx, mm4 5juimcDWgm$:Bf£Ltz, ttz, mm 

Ml 9XM^tzCDbf3\— COP S-PMMA«y7n7^ 
(7) WPGMEAiMJIIU:. 

^7 0 °CTMS£ LT . Mff 5 ju m«Sf^M L 
fc. iOcf^*2rS*m?ITtfc^T. 13 5°CT"10 

1 0 k Gy <DmiiMX' j m=m$:ffiMLtz . <r<7>^*£ 50 
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M I BK-^f V7°XJ}ZjVTJVX—jV (fleH.lt 3 : 7 ) ?I 

*t*S*s(i, F*rf£50 0//m. j^600jumtt*). 
f«(ifLS3 5 n mCOO B D DM<9ffi4H£M5B#R 
^S*lfc#TL«<WWfc» TLfia&O. 5~l^mcDil^ 

fc^T^fc. 

[0 3 59] LHSSM2 1 ] iK'Jxfi/y (PS) — rff 
U ^ — i^-v >J —7^-JVT? VV—h ( P t B A ) COi/7 
■a-y? n# \) -?-&mmLfz« 2 w t %o^'7"o -/ ? a 
^iJV-jPGMEAtliL/l, itO^ltC ^'7"C7 

^MhLx-^y^jvA $.=Jjv ■ hV7JVXx3X?>x 

jv**-hzmuL?z, z. comm. z # ? xit± t x t° 

y^-M, *v h^l^— h±ttiV»r 1 1 0°CT"3-^ 
IB(6j»$*T 1 0 0 nmJJ<?5JK£#f£Ufc. 
[0 3 60] itO^'^X^SrX^y^-t^aL. 
^n-y^rJ^U"?— i|R (36 5 nm) T-JS^L 

BA^-yt'J- 7*hJVmMm Ztl. &VT7VJV 

wttzm-itLfz, zcDtf^xmrnzx-yytzTdx. 1 6 

0 °CT 1 B#P H 1T--;1- LT , ittfifc 5 ^ nffl^ffiflBt* 
mtftLtz, 

[036 1 ] C F4^'X^j;^R I ESrtfo^,, 

fZttf&fi* PSiix 7 fy^§W(;a^^. *H7t 

arcii, ps, ptBAttx 7 fy^fifts-5 

m3t3lZCO&m&ffi9 0nm<rtflCO^? 
—>tf&f&$tiX^fz« 

[0362] [HSSM2 2 ] ^°'J X^U-y (PS) 
y/:f;M^?yi/-b (pmma) coityn-ypntf 
U *iHK Lst . 2 w t %»y'7'a >y ? rj ^ U 

pgmea (ciWfUfc . -i w»Hii^5^aE«Lhfc^ e 

*7>7I/- MttJ^Tl 1 0°CT"3* 
R»aiS-frT, lOOnmffOl^MLfc. ^(7)^7 
xSMS:^--yy^A^. afg#H^4H;i;B^T. 2 1 
0°CC1 0^\ ^l^ig^ 1 3 5"CX1 o^mr-~jv^ 

[0363] icD#7X^£*^HBJf§lg ( E X — 
8 D : m2» ) tKIR L . y7n vtatfV v-d^fl: 

^^^'XbfflcJDfJftM (MI BKt I PAC03 : 7fi 

^»«) tsiit. K3eafctt, ±ii^'wiifsti^p 

MMA^B*^ix^^\ p s{±x>y-f yy^tvf lzm~> 
fz, &mj£mxn. ps. PMMAttx 7 fy^ti 

■pt lt, sai Lfc^f9 xit^ ^ -y ire i iwax ^ f- 
y if Lit. w<k. y^hy^xm^mmLx. 



(4 1 ) 



7 9 



[0364] [HJfiflJ 2 3 ] i?7"n ••/ 7 3*° 'J 
(Dcommz, y7'a7?^y7-t»U0. 1 
SM% «7x7 ->VimfcM±ffl (XS7^ff-BP- 
10 1, fidcffc^xtft («c) «) frlK&n LfcJaWiSW 

i oaHR±fc:s^nffl4MilH*JI5JSUfc. 
[03 6 5] T--/M£0 5 9 nffi^Itol vc#if. 10 

[03 66] »6#iJ 1 fc RUHCs 5 7 nffl#«t 

I^vx^ t Lt S i OitSrx.yf y/Uc. ^iSS 
S i OaHE^Hfcltffi 12nrat\SM8nm 
Of LSr s 1 Y*"ju m25fc«5*52000 IBBfl&aftKtril 

HWBBHfcjpjiW- * i t & . § titzmmm 
mi ttmtxm<. nm^mmco^^^^mt 

tie 20 

[03 67] J2LL<7> i 3 tlHf^iBriJ£m&trr& £ i: 

Sr mm l . - y mstsm k yx -/ f - v 91m ifit± 

[0368] £jfc, ^M^T-T~-;^*fi-5?t^-C- 
fc, ±IEfcRaMc s i OMM<7)-£mizW.& 1 2 nm 
T\ gg£ 1 8nmO?LSr, 1 ^f-jTumfotz r )ffl2 0 0 0 

tfc*^t«4, ffiK±fc^j££ft£?Lo$!$f4l Onm 
3 fclMiL^J£»f £ <! t fc J: -Jt , ^ttl 

[0 3 6 9] BWfcB&iUWi: LT. 7*7-/I^K 

f-P-16, rfWT'PEP- 2 4G. ffiifc^ffi 
•ffcEfriLSTC* I.XS7^f-TPM, XS7-^ -f'-T P 
-D (V^««Lfctt*:^nai (#) ») . HALS« 40 
^KihSfJTfc^-f y-^LS-7 7 0 (=& (1*) H) 

1 fc tt«LT?l/0S3 # 2 0 %fgsm* L , ?UDPalFlO 
[03 70] CHSSM2 4 ] y/n >y 9 3iKU 
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«fc LT , 3^yfSi OSiiC 5 7 nfflMI£» 
j£U ^-yMJfr^. Slife#iJ2i:|il 
«&&*?%^7->-£ffM-f-£ £ fc fz . 

[037 1] 

[£17] 

QH 0 

OMe 



[0372] if;, KflsKrjhJWfc LT, xxf;Hlft 

GA-8 0, XS^^-tf-BP-1 OK 
7^f-BP-76 (V^fcttiC^naKflc) 
m) , 3, 5-y-tert-/f;P-4-tKn^y 

l^xy(BHT), y y^lMfcHuHRTC* Sx35-f 

Hf— P-16, 7f*X^7"PEP-24G, IMi 
^fcHfjtffll^XS^-f^— TPM, XS^-fif-TP-D 

(i^tMfii (m m) . fcit/HALSiR 

^7-/^3-7 7 0 (H4± (tt) S) Z^tL^tim 

m±mzm^tzWr&Ti>, mmm2kmm^mm^9 
[ o 3 7 3 ] srtk iwu»jBW*asiii^*ts»«f> , cr 

•Cr--^4*^-t« . y'7n >y ^ a *r>J 
B&jypJSriSJlrt-S £ £ ^WC* £ fc ftfcfr-rfz . 
[0374] LHJSM2 5 ] KfcB&ikMi: LT, 7x7 
-^JRIWtffijyRJT'* S^S5-f1f-GA-80, XS 
5-<Hf-BP-l 0 1 . XS7^ff-BP-76 (V^-T 
ntffiS^X» (*) ») . B HT S ±|BOXX^;P 

-16. Tf^^7*PEP-24G, «ESt»lMblW± 
Sf?*4XS5>fif— TPM, XS5-ff-TP-D 
(V^miftS-ft^X* (tt) S) . tiilfHALSjfi 

iWfcB&jBW-Cftft-^y-^L S - 7 7 0 

[037 5] ^N°^->-b5yX7r-JK*ffM^--g>^y 

mm. mmm 5 1 mmzLxw-y b^y^yr- 

fcJgJtS*ift?L<0»**S8ttW5 kJt!KLTi^3 0%ii 
[0376] LHJSM2 6 ] IHfcB&jfcmfc LT, 7x7 

—ivmsti m±mxh i.^s^^t-GA-so, 

7 4 if — B P — 1 0 1 „ X5Mf- BP- 7 6 (V^-T 
fltftA^nat (*) ») , B HT, ±M^X-r)V 

wwmstM . u >^mm±mxh & * s 7 >f -y- p 

-16. Tf i "77X^7'PEP-2 4G. Efjy&SMit 



8 1 

3WCft4X5 9-f f-TPM, XS^^f-TP-D 
(\tvTtli>&iCtt&Xm («) K) . fcWHALSl 
IWEKjBW*Cft4l?-y-A'LS-7 7 0 (3t(«) 

[03 77] : Jy"u v J? =J*T U LXO. 1 tf 

H^*fflvtfi*£-£fc, s i oi»:M$fi§?L« 
«3£2gtfc0!l 3fcJt«LTift2 0%^£-fc>:&i,t#" 10 

[ 0 3 7 8 ] . BMEESitJW^aSllll^f K^»+*cr 

[0 3 7 9] [HiW2 7]i9tSt7-f-;t/F-x 
5-/^ g y • f^TW (FED) SS^SBJW-iW 

y (Nb) , tij^f> (Mo) iJttir^S— ^ 
(A 1 ) ^^MISJS*^^rS^y-Hatt*cl 0 2£7B 

ftlO 2^0— SP^i-y^y^'LT. —32**4 0—10 0 

flsl 0 2£S -3 iat, ^ty^ffia/sticvDffifcj: 
DJ¥$0. 5 — 2. oumnfecomnMi o 3*^js-r 

!>, 03«ttflJ:U!iI nzOs, Fe 2 

Os , Z n O , N i C r ^Aifcli^WBfS' H -7Lfe 

i/'jny^^ii^M, skjii o 3commmii, 

ftlXl 0 1 — 1 X 1 0 6 Qcmf;nit»Jli^ 
[0380] ^SDfflPftl 1 0 3 £7*^ — Tm^>T)Vi} 

i^SJSCtt-f^^vf-y^' (RIE) tiO^-- 
V^'LT. «St<«P§&l 0 3ASg)St4. ifcfc, -X 
^y^ffiifclicvDSCJ:^ #y-T*W*l 0 2& 
itfffifiWl 0 3£Sd .fcdfclSWm . o^mo^it 
fty'j3y^^«ll OAtmSSt*. $A>Cy 
XA-.y^cj;^ fftiiJil 0 4 tfxhfc: JKff sft 0 . Au. 
mcONb. MofH^l.y-'-M*l 0 S^tim^ 



[0 38 1] JJcfc, 1/yXb 
0, 1 0 0 c P ) ^ys°y— ~ 
5 -/ * -IB^coSUgCSrffi^ 

v- ( 5 ) fcitfiKU^P 
4#X£ffll^TR I E^ffV\ 



(mMi£-fLMOFPR8 0 

0 5±(cx'y'cr'yya^y 

T— — /l-SrfT^ Syaffl 
nffl4MBKtc«LT, CF 
synffl^ffiJK^OPMM 



20 
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— 1 0 5 ^[Sf^8 4 0 n mO^ifccOMPgB 1 0 
6SrffM-T-i»o A' 7 7r-FM (BHF) Sjttffl^fc 
7i7 hx^yy'i^iCHFs^O^XSrfflV^R 

1 Eti 0, PBPgEl 0 6<D£fei§JIl 04£jgKill 0 

[0382] tft-A ( E B ) 

. e BSMfi£fcJ: 0 . MWio±fc* U yy>£S 

y«idt«L, 157^107 *mm-& . -e^a, 

%FED«^£M3i^£, 

[0 383] [SgJ£ffl28] HI OKStFEDtf^ 
«KW4«to^TiiHW-&. *tft 1 4>f <¥§ 5 
mmW^ l/77X^7XlS2 0 1 SiML, ^<7) 

2 0 1OM7f^(:ffft, H3 5 0//mC9X$ -y^- 
ffiK2 0 2£4 5 Ojumtryf-TfBRLfc. i<OR» * 

i2oi«xs7 y-iaa 202 ^ifijfcJHTSrTOi** 

2 4" y^-rofOffitS^-eix-eixl^ffilDtiJ Lfflcov- 
y> t L , £ tf5fH*8fc:|±x 5 y y — ffi|R 2 0 2 sWftfcS 
^^5(y^--yy'^fc. ft^Wtcii. PV 

^ ) LJim LTs xs -y y-ieia 202 p^coffl^tc p v 

-y^'WJKfil Syimt^t. HtlP)')^:j:')t 

5 0nm«Ni)Rt«*Stfca, P VAJKfc i^CO 
±c7)N i»'j7l?r7Uc„ 8h>fcN i IK^mffit L 
WW>r>Sfc:J:oTljumtf5AuJRtjR*S*fc. 
[0 384] LPD^tcj; OtttSJfj: US i 0 2 ^2 
03ll//mM§tft. ;»SiO 2 l2 0 3(:iif 
< <?v?-f ^ ^;^|5i^#StLT l »fc36«, ^<7)«JK{a 1 

f7jcmj,ftDioo oii^-c-?) *) , mm±mm^ 

T^fctf. Wffii 1 fx mhtz 0 1 0 0 VKixTfc "3 . H 
ffl±PflS<?D^UK.;l'T*o^ 0 lOS i 02^2 0 3 

0 S i 0 2 JK2 0 3it3 0 nmSOPdlJ^t/t 
f*. tllftoitj:oT200nmOI r 

Wj&\^?——V-7h^ til 1 0j«mW- hffiR2 
0 4*15 0jumb-.yftJfML/t„ >ICO|g. 112 0 
1^-1 SK 2 0 4 <n%to\£WT%WHfr t>2<iy*f- 

50 y-->-y^fl-5^„ iftwcij, ±mtmmi / zpwA 



30 
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8 3 

£■) LiUfeLT, y-M»2 0 4±tePVAJ!!l*aW- 
y ^ Ltz . i o t # y $f»j»±|il«fc: 

1 S^mtcfe-Jt. 

[0 3 8 5] ijct. y-hffi*2 0 44»J:t/S i0 2 I 

2 0 3 O— gg£ X 5 >y ^-IBH 2 0 2 ^ffi-T-S. 4 T"Bfc 
£LTteOT»)i§PgB2 0 SSRW-ifcftW**— — 

M2 0 5W*9-—>7*m«ff aa*(42o*4. 1 10 
Oii, HBPg&2 0 5«9gtf 1 jumSKtTft&fcft, ^¥ 

^-r Lhmmt mm ztix v * 4 ;&^t43r < , {2a-— aw: 

gBTLflSr^rr^MPSP2 0 5*^H»rtt;fei^t^ 

[0386] ft#Wt(±KT«J: 3 £LTHSPgP2 0 5 
— — y^lfoJt. yyn-y^n^yv- (*f>J 
X-^l^y : Mw= 1 5 0 7 0 0, ^'JT? U^BSt -7" 
fVP : Mw= 1 0 3 3 0 0 0, Mw/M n = 1 . 3 0 ) 20 
i:, !f*!JXfl/y*t#'j7- (Mw=4 5 0 0 0, M 
w/Mn=l. 0 7 ) , fiifcb2 1 : 7 9t71/y 
K L, IM* S 5 11% t S J; 3 1 ^ ^ o^t 7 y 
fcifflWU H^fc^LT 1 %^7if-;M 5 H h V7 

iWKfcy— MBSS2 0 4±lc^b°>-rj— h LT 1 1 0°C 
T9S*3-frs JPIJP9 7 0 nm<WJ*7— JRSjftSLfc. 
f-MS204txJ y^-i»2 0 2<7)3<ll§B5:ISk 
UT, SPSP2 0 5£Mtl.fSWgItj;otI 

(CAfU MHijJB^fct^T, 1 5 O^CT'-lBtrBlT- 

m&O-tf 'J t — f+frTf V V- V i "9 4MB LT 

® o fc*s», y- Maa 2 0 4 ±t«*° y ^hrobbjs 

ii 1 M mt^roT v vfc o mS.±^T)V^} V 3 
r^IilLT^UT^y^O rftj c7)g|5£«*L, 
yjcTUyxL, y-hS«2 0 4*JKtiS-frfc. RIE 

T<7)S i O2M2 0 3^x 7 fy?"U, XS v^-IB 40 
112 0 2£lttHSt*fc. 
[ 0 3 8 7 ] m^cl&atC J: 9HBPpft2 0 5 rtfc 

ffiiit«2 0 6**iRLfe. xs-y^-isiis 

£ 1 0 0 7^ ^*-P4MWt*Cfi-33t. ffiffiif 2 0 60# 
Pi: LT, Bgl 0 0 nmC^y-f $ KtRfitF ( h°-7 
•ffi*SW3S9f«) tegl0nmC075-l/y^^ 
m®m.T b £ 1 0 0 0 : 1 OSMifC^^-LJttoSrffl 
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m) £^y >f s h ■ R*fses : Pa-&*t«LT 1 owt 
1 0 o/jtmcommimxxnfim&msL. x 

5 y?-IEi&2 0 2&S8SU jSW^tMJIJLSr^tt 

1 oovfcfflnnus. flHEpJnitf*. imA 

t*»LTV^SaStmii^C»R2 0 1±&c*J1LT 
vvfc. M^T, *tl*ra£«£SH!lU y-MHR2 0 4fc 
+ 5 0 V £ EI7JP LT , y- MSII 2 0 4 ±t#«L^m 

M+tfc^T 3 0 o°CTT--;k^fio i fc 0 , x 

5 •>/ ^ -MR 2 0 2 bzj&fflB 20 6tit3-a*. 
[ 0 3 8 8 ] JJifc, JJBfc «M*W)^fc i DM 

s?x 5 >y ^-jg 207 zmmLfz. agfx $ v ^~ 

Jg 2 0 7<^)tmfc Lt.SIlOOn m«±Ml{M 
( BSfamiS. Mp a c«. S B N - B ) ^fflE L 
i«BN«l&^*7vilJ!MItfc«. 4 5 0°CT 
^MT^X^^mLtz. ^BWmtT 0 . 2wt%£ 

t7fyly;^x^AJBNMfKMLt l 0 
w t %mm Ltz . ±IB t R«^S-^T B NfitS^ 

fc. **#HM*s 3 5 0°CTT— — ^^tfo 

i i: «t 0 , SfiL«2 0 6 WJJISTXS 7 ^-I2 0 7 

[0389] ff^^m^CttJSH^TW (C»LT, ft 
§4mm(7)X'<-t-2 0 8HU 1 ITOHW 
ry-K*ffiJl2 1 2tJj;tX^3eJH2 1 3iflM&iv?Z. 

wtisaiLft . tfyrt i ot*2f^ yy < 

-^10- 5 TorrtiEU;„ 77- ^^{5^3 5 
0 0 VfcRjeLfc . ^mK^X 5 v ?-WM 2 0 2 & J: 

txy- Men 2 0 4 * ^-rtt t, 0 v 1 1 . mi $ 

x 5 -y ?-|S£| 2 0 2 *j J: t^y- h£K 2 0 4 * -Hx-?' 
tc- 15V, +i5Vty^7XLfc. i^feft, m^- 
Ikm*®^ *). i^Jf 2 1 3±te«Wfc&W**ut. r 

4 XT^-^^iS^tC^^TlSf^MS^jlK 

^-3§i43%Jil^JR4oTV^C. 
[0390] [SUfcM 2 9 ] 7'0 -y 9 V- 

. 4fj7 >y - u T^m.b jjf y ^ * ? y 

h*3&>^5Sr* ^'7"n >y ^ a^'Jv- (ll¥%*flM 
w=7 90 0 0, Mw/Mn = 2. 2, ^y^-y-fttX 
y fyIMf= 6 6%) £ jffigtcjgjff L , y7a -y ^ 
n^y fc*fLT3wt%0^y^ (h^v— ;kP, 
^0jW3* (») H) SiBanLfc. :«l^txf< 
LT , i>'7"n y -7— co^f x h 7 4 JVM, £ 



(44) 
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flfcte . £ co^f X b ^ SrSSM^T. 13 0 °CT 
JRfKLfc. TEMitSRi 9H7L@f$4 0 nm«AM 
/kAC SD3i«i± 2MV, 1 0 k G y tfHHjtfMTVFiSfc 

£ co 7 ^ *BMxf-;i/tf "CifH* L . *° 'J ^ * 

iW> ^?L«7 ^WfcsSr-jtv^ii: j&^jJpo . 
[03 9 1 ] L i P Fem&Sfoi'ruMUy/t'-tf*— 
b-i?X*fV#-tf*-h&&m ( 1 : 1 ) i=M 



X 1 MOtSI»IiLt, ±IB-C»6*ufeJPS*& 

(Schlumberger Instruments 
ft, 1260) tiD,SI*:t«3 0MHz- 20 

o. o 5HzT3E«-f yv-yyz.zmfeLfz, zcom 

[0 3 9 2] ijct, laT^idtLTUf-^A-fsfyn 
V ifz o L i C o O 2 £ T/k3'>-#H^T, 3 0 0 °CX 3 

^BBifiRbTdSKUfc. LicoOi, mm®. 

SfiJt8 5 : 1 0 : 5TlF t ^L, i^^t^iOD 30 
MFfcJuiTSKUI:. .l^SWftlS. JS$2 0/xm, 
4cmX4. 5 c m«7;l/;-'>A^ 7 yj.±t^-(; 

tLytiEffi<7)#fiHWSJt 0 fiO L i C o O 2 fiMtJ: 17m 
g/cm 2 tfc-5)t. IBBjSfMt&fttt 1 50mAh/ 

[03 93] MffigWSb LT 771-7 y^T/^-zHf 

lino o'cxtmtfz^-b^-^y mm^tm 
0 0 °ct- 3 mmm Lxm^ ttz . ^- f * . & 40 

mtt * -*^77 7?, *J i Vita i^V n >y 9 3 *° u v 

-£S*Jt8 5 : 10 : 5tS^L, £0>S£WfciWI 
CODMFSrjD^T^L^. £ CDiliffiiBj £ . f?20/x 
m, 4cmX4. 5 c mC0j@J< v te^f&L 

ftflS«9fltfiMf 3 !t 9 <7v H^— *>MJi 7mg/ 
c m 2 "Cft ~> tz . MffiiSftflClE jfti 3 0 0mAh/gt 
fo~otZv 

[ 0 3 9 4 ] mrlB «y ? 3 rf? y V— JffiKtjgJP 
U yVn *"'J V-Ctt It 3 w t %«y U * 50 
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x h LT -y ? astfy v-co^-vX h y 
4)VJ*t:%ti. ISM. %M. m^^rXYy 1 JVh. 

s, fhwiaassar. i3ox;^5»*ra;WRMiSL 

iPjimJI 2MV, lOkGy OfSataTtt?*^ 
iHWLfc. 3EB, ^xh7^;^, ftflftOJttSBWL, 

^WJHfr&PKx^tfiTac^LT , y/n -y ^ ruKU 

* 7 0 °CT' 2 0 B#PamSJP»LT^ L , -b;H8Jtfl£^ 

fiL/;„ l i PF 5 4ffi7K%*7°nt°p-y^— h 

izmmLx, ^jummmzvmmmm^m^fz. z 

[039 5] »6*UtUf">^-f 3f^r.ifcWfi*50ju 
A/cm^t'gl^lL, m^mj±^'4. 2VC3L 

OmAg/gCMU, 3 0%jifiJS»^«StlSB§ 
BfcLfc. fWTft, 3 0M±B*r^fe^t^ 
^ . ®OTJE^ 2 . 5 Vfc:Srft * "C 5 0 ju A/c m* T 

icDSi^Sr 1^ y*;l-t LT , 3ESMSM^frl»9ii 

D ^m^^M ( Mtt^ft^im Ah/g) i: ^JfeSJii 
^ ( *Wg*fc^-* WMM&.<n>mi$ ) ( % ) tw^. 

[0396] ^/HS^^ 5 0 0+M ?;lit 

ff-^fe* 1 , ^»mWRt=^:S»(fcliH.A.*t-f, 8 0% 

[0397] [HJSM3 0]rffj7 'y{tb-yx>»h 
U jtf-^ ^ ^ y 1^- hilh y7"n -y ^ rJ*° 
y V— (llf%*fiMw= 7 9 0 0 0. Mw/M n 
= 2 . 2 , sKU 7 «y ftt- 'J x>**^= 6 6 % ) CO 
^£fWSJ Lfc . £ iK y ^< ^/^^ ^ 9 y h 

»7r>f^-tf-f 773-f-( y^t/ift. 7 0°CT- 
SteL. S&fcSSRStffiT, 1 3 5°CT1 OBtP^JPiftL 
Tl2iSLT s rff y ^ -^;Py< ^ ^ y h 7 r A J^-com 

mizmzmtfiLfz . £ <d 7 r -f > jna«EE 2 
m v , 1 0 k g y commmrcmFf-u^mWi lx. pmm 
AffisiMn-rt t mmz. dfj 7 -y^t-y fym*m 



(45) 
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[0 3 98] 0 0*ffl^TW2 

0 0 n m<o^y #V/WBffl**jlUfc. hm¥^'y V*r 
VMi £ ~> tz < MMZtVkfr ^ fz . 
[03 99] [H*W3 1 ] WtfJ«£fflVvt;Ky U 
;HMHfciK'.;.xf-;kX*? U l/-M*^iSyyn 7 10 
^ 3^ y 7- ( iif WlMw = 8 2 0 0 0, Mw 
/Mn = l. 3 , sffy T9 U ;1^KS***= 2 6 % ) (?) 

i3 5ttioeriJDijSlU. ^-wf, itfyftttt 

Jnj$1J± 2MV, lOkGy OMftT'm^tSrHiSt L 
TPMMAMMU. iO^Ptffi^M I BK--f V7 
ah7WT/l^-;l4i-£M (#flSJt3 : 7) 
L, PMMAffi^iSL/i„ #^/tffiiJSEM(; J: 20 

[0400] \_mmms 2 ] *ry uAflMBt* y.x 

f ;W y V- 1. y/n 7 ? ndfj 7- 
(HTOfiMw= 1 0 4 0 0 0, Mw/M n = 

1 . 3, *°yr?y /n*£*#*= 55%) zm^fzix. 
mmm3 1 tB«tLt««ifl«Lfc. n^n 

ttt^SEMCJ; *)WmLtzt «!<?>, sKUT^y;H8 30 
3&»6&4Jf S 6 7 nm^fin-««^«^m^#;T- 

[0401] [ss»W3 3] *fjr^y;ntii:^y^ 

^/t^ U W Mftfrfcfci y'7'D -y ? 3^y 
(liW^fiMw = 42 000, Mw/M n = 1 . 

3, ^yr?yyissii^*=6 5%) fcfflv^w 

¥%TLfl 1 6 n m CO^MJL*^ 6 & 4 #?LMHIt"C$> & 40 
4 a y-r a - a. YXffim*&f& LT ^tz k ^tih . 

[0402] [HflSflJ 3 4 ] 2 -y y* 3*° 

y (3H=* : ;if y x-^ix y= 6 5 o o o , # y ^ ? 

? 'J ;lS/!f 1 3 2 0 0, Mw/M n = 1 . 04) 

(PGMEA)Cigl, i«?Me^SL/;fi, 3-f 
y-fflOS i OSi±t2 5 0 0 rpmWtya-b 
Ufc. MM.* 1 1 O'CT-9 03HSrafflRLT»«££ME3 
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i3W£, 2 1 0°CT"1 0?h jgg^T 1 3 5°CT'l OWtfeJ 
y~-)VZft'?tz* £Oi£». Wll 7 nmCDft£Jto 

[0403] ZCDMMlZtt LT, C F 4 , 0 . 0 1 t o 
r r , Jiffjfel 5 0W, RMS 3 OW^tUT^f 
^'^yi 7 fy/(RiE) ^frofc. :«X7f 

v y^SiffTte P M M A 'yfy/^tl, § 6 
v^'J^SCtot 1 5nm<7}CoPtC r&K£t£ 

tit. c o p t c rmmzimLizmmz-tvy^y 
&mm*t,zmLzm^mmt:fti<\ m&Ltz# y 

Uy&iVZcOl.COC oC r P tJKSr'J 7h^7L!t. 
& . *tJ 1 7 n mfl<7)C o P t C r ffittfe^ 

[0404] zcom^r-mmmmmsmmi^k Lxm^ 

tt**tt£ Lit i: i ^ , AM 2 k O e coSffiK&lt^tt 

[0405] 1 1z , Hlffi^iJ 2 <J0^rj£tfi!V * 7"n ^ 3 
^yv-co^°^--y/^fi 1 o^^Ki:, JJBfcR«<9 

[04 06] HSfiM4<7)^rffi^ivN°^— yh 

^ffl^T y'7"a 7 7 n^y 7-«^7- 

[0407] [sat«3 5] 4-r, ^y^fvv 

M: 6300) - PMMA : 1 3 0 0 0) , M 

w/m n= l . o 4«7'n7 ^3^y &y°u\Z]/y 
^■yrj— ;«y^f;t/x- T^T-fex— N (pgme 
A) tcj»*»L-C«flS^fNHtfc. <roi§M£, ^t°vn 
-htT^Jl 0nm^liffT"2. 5-<yf«*7XlK 

5 0 °CT" 2 4 f^ralT--;!' t , §fetl20 °CT" 2 ^1 
¥^rEBPi3 0 n mT«?lJ L^T^ttS 1 7 n 
[04 08] CFi^fflV^SJEtt^^-yx-y^y^' 

(rie) wa^fr^fc. ^oism, /07;^ij7 

-comaymftWi&x- -/ f - >- fir ^tz . JK^IK* 1 



(46) 
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[ o 4 o 9 ] x y -i-yr&commizmmcox^v 

ymz±-?Xl 5nmOCoPtCriM*tU. 

c o p t c rmm^imLfzmni^v/uy^mm^ 
izm Lxmamm^m \ mffLtux y > a j: 

S,l)15n mg«C o P t C rflWEKr?* 1 , #7X1 

[0410] £03ffi£^i£a&tiBttg£fri: LTffl^ 
4fctf>fcl, 10nm<0Ci^t v ^ftfcJ:l5«HitfcL 10 

Lfc umti 2 k o e osttssMH^tt 

Sr * L T ^ 5 i t Whir-* tz . 
[0411] [^MM36] 
50 0nmOT^S-^AJg£?lMU 
L/y'^h (OEBR-80 0) Srffl^T^^^— — >-^L 
T , 5 // mmifc. 2 OOti^MLt . S i Of £m 

^ASr2 0 nmWJ!Lit<7)*>, S i 0£ 5 n 20 
mliLit. BV\ ffftMl^yXh (OEBR-80 
0) &M^llt^j:o(:A7-^y^L. RIES 

[04 12] y'707?3^ij7- (4H 1 *: ^'J^f 

i^y=i46700, ^y^/t^^y^— b = 7 0 

700, Mw/Mn=l. 1 1 ) SrPGME AC211 
XjfflSLfcJBSi* 3 0 0 0 r p mtxtya-h LTs 
^7b7°I/-Mm^ 1 2 0°CT"ffS4 5 nmCD-J 
7'n -y ? 3jK'J 7-9fllifHILfc . 

[0413] i o vcomKima L^tf^mmm 30 

HM+^fe^T 2 3 0T7C4 0B#r^T— — /H,ifc. £tf> 

ffi^mfli^MtTSit^iei^^^. 2l^ia**HT8 0°C 
[04 14] StCFiTO. Oltorr, 30sc 

c m, mmi 5 owti 8 o#Fiyr?f^>f 

y i^ip<itx7f yy^ti, § ^ctwt/1-5 
-Wfcxyfy/Sfut. icJOfeS, 5ximP B 1PSo^: 40 
SntCti 5 0 n m oPhIHS: i o , «7&Z>«ffi#*J#j£ § ft 

tz. 

[0415] [HS6M37] s^'Ja^i-Alfcr^ 
5-^A£3E#LT. 1 OnmUOfiMSr^tfc, ^ 
rn-y iJ'njKUV— : *"'jxfvy=3 2 24 

00, ^ l J^f;W3'? l Jl'-b=14 20 00, Mw 
/M n = 1 . 11)1: h/VxM;: l 0MM%mMLfzm 
0 0 0 r prntXtya- h LT. ^ yhTl^— 
h±l=fctvc 1 2 0"CTJ?§ 5 0 0 nm^y/n'y ?n 
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0 "C-C 1 4 BBBSft**fe . § ^ Iz'Jy'n >y ^a^ijv 
-Si±CT;lS-^AJIfLt, lOnmJfOftK 

[04 16] ic02ScOT;U-5x^Aratl VCOflffiS 

fflanL-^^fflBSHSt^tev^T 2 1 o°ct-4 omm 

)V* W W— l«y'7"n >y ? y v— # S ? nffi^ 

§ . 2 Nria^ttf 8 o °c t Lfzik, m^tTsast 

[0417] &IZC F4TO . Oltorr, 30sc 
c m , mfti& 1 5 0 WT-6 0 0 'J77f -f 7*-f :*>- 

[04 18] [^ifeM3 8] JMV'V?*. (till) 

T^^> Lfz, ^^7XlI±(;*^IfLT 1 0 0 n 
mff c?)5lM^ B$L Lfz . ^° y x-r 1^ y« t *r y ^ 
^ ^ y V- hMfrt>%:& -v 7 U v- ( SS^p 
%jj-flMw=370 00, Mw/Mn=l. 3.^'J 

tioii %mm Ltzmm^x^yu-vLx^yYT 

V— YkXzHWX 1 2 0°CT"|g^L, f?5 00 nmCO 
y'7"n 7^3^ 'J v-fSM^ \m Ltz . i OfSMS: US 
tfifcfcWC 6 0°C-f 1 4 HIBBa*S-&fc. 2 
■y?a^'J-7-SI±t7;lS-^^If U 5 0 n 

[04 19] ZCO&mtT/U-S.-VA.mmiZl vcr>mi± 

zmuLfttf^wmwrn^wzii^x 2 1 o°c-e4 ob# 
^r— — )V^fs-> tz „ <r orat^ uxfi/yt^y^f 
^ ^ y l^- h«yVn -y ^ 3 *f y s ^ nffiix 
mi&c\L, Tti y ^ ^;i-^< ^ ^ y ho^ y y^-ffl 

[0420] aitttBWci^fcSaiL-cfEiii^T^S- 
f*. ^ftxiy^iA^M 1 BKh-f yrot/ir/i'n 

-;Ko*»jt3 : 7XM^Ltzm^mm^xm^Lx , 

# y ^TLWlt Lfc . Z. CO^ILWX y 

=?mmmmm ttztz^, mm 1 0 n mmwmmz 
mmz^ &m£X'mLxmj&zti,x^&z.btfm^ 
tz. zco^ivM^-^m^x^mimmLx , m 

t y v-jH* ^* Ltzbzz. &m±izwtm 

8 n ra(0i7 r >f ^^MllJ^t^&KtSittEl*! LT^ 



(47) 
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[0421] a:fci<^oriijt^)«isiftarte*ii^fc. 

K@8 nmcM U y^A^OlflBlbWPjSSnfcAJS* 
#y— K«K, *fl*l7V— LT^-nt^ASr 
K-7LfcA 1 j0 8 *fe®3K#*JHKUfc I TOII^ 

m\>\ wsassmsoum^-bfUi^mL. ( i 

X 1 0" 6 To r r ) fcfctvc 3 0 0 VT'fgWL^o -f<^ 

mm. Bt&%mmt&&z vm^mmmmzn. 

5 y*-fcLT»fl^4£fc 10 
[04 22] S^ti^MOjflfitOXS >y?-£fflUT 
FEDA-^MLt. HS6CT2 7i:|sI# 

TW tMLT. HSfiM2 8i;|Siat;itS4mmOX^ 

yrt J:oTS^°*;W*l£r 1 0" 6 To r rt«J±LT 20 
*» 6 #f *tf L £ & t W o T F E D £ fm L . i <Z> 
FEDA-^ilt^^ry-l'lfi^ 3 5 0 0V 
fcKS L . 5 •/ 9 Sms ± y- MEISSr 

ivf*ii»0Vi: U SB?LfcxS «y*-IM&*iJ;W- 
M^Sr-^tL^tL- 1 5V. +1 5V^^rxLit„ 

[0423] 3 9 ] lim±^#^^*LT 1 0 30 

0 nmJJtftftRtiEWtUfc. ^UX^ymt^V*^- 
)VX 9 9VU-h Mfrttt Vfu >y ? 3;K 'J v- (S 
if%^iMw=3 7 0 0 0 0. Mw/M n = 1 . 

2 , y * ^-)V* 99uu-h msM&m= 2 6 % > 

h;Pxyt; 1 0fi*%i§j§?L h LTMK 
3 0^ DKOi^O >y ? ^HKfcJBjSLfc. - O^r 

[04 24] ro^tr^s— ^Migt;:6 ovofl; 40 
ffi^EPiat^^^SHm^tfcv^T 2 1 O'CTM 0 

fvk* ? ? y V— hcOy/n >y ? a *f y v— # 5 ? nffl 
tJ it. y * f-rt'* ^^'Jl/-b«y'J y 9- 

mmmtznLxmmzm\%-?&« 2mmM?x8 o°c 

[04 2 5] ^^JMK7i<?§MtiSi«tT^ffior^5- 

fJL ^^17 ^;l-A£M I BKb-1 V/nt/mw 
-/t^fM*Jt3 : 7Till^L^^^4'T'»LT. 50 
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* y v-js* ^TL«ib Ltz . «r co^f y v-n^m 

TBRMftKK Lfc i: <I ^ . 1 2 0 n m^JL* 1 *^ 

*&+*ra^ 7y a ^»it LT^mfirmsf tT. mm 

*° y v-Ji Jisuj::^^ iz i/ y y^-oa: 
fih mmfeco^rMMkt'x^x? r ■< JWM\umzmm 

[04 26] [SlifeM4 0] T/PS-^Alfcfc-r -f 77 
MfiMw=8 2 0 0 0. Mw/M n = 1 . 3 . tfV 

xj-v>mmAftm= 2 6%) mimm^htz. 

Atfti: T A- 5 -^AIMC 3 0 Vcomi±£ EPiD L=Sr 
^'^SfSSJH^^tfcV^T 2 0 0°CT4 OBf^T— — 

^fiojt. a&ffliztfv x^-uy *^-jvx ? ? y 

h«y"7n -y ^ r? ^ y v-^' 5 9 nffi^fiiSr tJ i 
L, yy>-^-ffl^Wt*fLTSiltlEr&I^S, 2B^ 

WMk. *=m* 1 5 o kGyHsatLfc. %=msm 

^X17^1AJM i BKHyrn^w 
-;K0#BUfc3 : 7T?I^t^M^«K4iT^#fC. 
*° y ^?L«-ft Lfc . i*i**B»*»iK*=aBi L 

»A>*tfc*S*(±, flgSOOjum, WS5 
3 0//mt*})-5t, MHJiTLfll^ 2 7 n rnCO^- U y9~ 

mm^mmk it Ltz^immmx-h ~>tz> yvy 
r-WicDMJummtzttLxmw.jfftizmfa vnxxfi 
t%-?x&K>7 a )V9-izmLtzmt.xh &zt 

-yfz. 

[04 27] n^Kfz^Jk? A >V9-*m^K 100 

[0428] i ] ^°y u/HWik^u ^ 

9 9 y 1^ — b m& $> =5: S s^' 7n >y ^ a y v— 
( HT%^iMw= 8 2 0 0 0. Mw/M n = 1 . 

3 . # u r ^ y /hem*^= 2 6%) tm l«t- 

^•/HkL^i, T^'/ iDffLttJLT. J¥S^10 
0/xm<J07 -f ;PASr^igL3t. i CO 7 4 )V A £ . ffiSfv 
gSTFtfe^T. 1 3 5°CT1 0 ^BBlfflMBa tfc. ia» 

Mas. m^mz 1 5 0 kGyHs»Lfc. «^hshw 

f*. MI B K J: y7"nh";17;l/3-/l«*tJ:t3 : 7 
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(48) 



X t> H*f fcffl^ Sit . 
[0429] CHSSM42] 1, 2-^y7'?y'xy}: 
?K'J ^ */kX * 9 U l— hV>i?7v3 -y 9 =J^°U -7- ( M 
w= 28 1 00 0. 1, 2-^y7^yxyii#f= 
3 2%, Mw/Mn=l. 0 5) C211%«3, 
3' , 4, 4' -fh5 ( t -y^f-fW*— ttis*!)Vi$ 

-)V) <>-/7i/y^lfc^nMtyyii 10 



7XSCifli L 1 5§ 2 0 m«y- b J |» lit , £ 
«>—h&a«meSTtt3V>T 1 3 5°CT2^Jn^ 
ILit. ;«y- htjD^ffi2MV. 2 0 0kGytfO 

2 4 mmmmk. * 9 /-)vx 1 *m8tm lx^hk^ 

»i!>*ufe^?L«^-M±. HJJC7C«B«fc: 
iSl£fc:3HK Lfclffift 5 0nmWJ 7" ? i?3i>cr> \, >J 
y/-ffi*^=5cS „ A'^fnyf ^-i7»t»lAS 
te^Sftfc£?L««3t£WLT^fc. 20 
[0430] %^fltz^^M^~ h t£X U ( 2 

St L , 8 0 X3*C2niSRJ8JSW- £ r n-fe^Sr 5 [HIS 0 M L 
S*£tSrRZ*S^T 1 5 O^CC" 1 B#f§L 4 5 OTTC 1 B# 

[04 3 1 ] 7? UC7- hVMZl 011%»3, 30 
3' , 4, 4' -fh^^X ( t-T^W*— tti/A 

nmzmmzmm lxt9 u o- h y^^i^LSjt 

Ufc. i<0flBt**ffijRtt>tCtJV^2 1 0'C7-2 4B#P H 1 
JrtRLfcflL I*HST(^^T2 1 0*C*^tt^l 0 

°co#S3SST-s o o°c£xmmmmLXA-7n>i\:L 

i;*t»ajS-fr/S. .-WISH, 1, 2-^'j77y*xy 
#7L« s^- h co^E /l^ * n * RBfe t staffll^H, £^ 40 
-th ^TLMX - # ytfftMX § . 
[04 3 2] [KElltW4 3] 

x>-p^iffcK >J 7HB ( *U ( ^X - 5 , 6 - f x ( t° 
An-f ivtti/) -2-y7n^ty-i, 4--OU 
IV) ) i:,-ffijxfWmi'F (PEO)lt^ 
£ y/n -y ? r? *° 'J Sr^rJS L >fc . 
[0433] KJGBKfiffli: LT n-TWJ -J^ASrffl 
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iil/riefcLfc»s n -7WJ -^ASr^iflDi.T^ 
( T H F ) li&mi- h y *7 A £Kttffq b LT 7/Pn'VM 



SET. 2MmSLti. 



[0434] KJ&^glftfci'X- 5 , 6 - t"X(t°An 
-fn^^-l, 3-^y-n^-^^x^SrAn^f*. 
T H F £asWLTKJ£l^flfcESNSAL*: . KUPgSS 
F*| * TiV =f y#Hm tU - 8 0 °CT n - 7'^)V 

a a>^y° 9 >wm. sr3Di.T i aaiajafp t ^ . m\ ~>x fjt^ 

^KSr-^-Afi 2 m L CO 2 - 7nA7- ;l-$rJni.TMJE 

KSS-tirT y'7'n -y 9 v-Sr#f^ 
[043 5] ;tf'J (i^X-5, 6 -b'X (tf^-Cn^f;^ 
^y) -2-y^n^-ty-l, 4-f/l/xy) cox 
-7MiMw=6 50 00, jtfUx^l/iof^FeDJZ. 
— <y MiMw= 1 3 2 0 0T. Mw/Mn=l. 5"C<5 

[04 36] >-?fM 

»6*ut y'7'a ^ r? ^° U 5 Vti)V$k%M t LX 
3, 3' , 4, 4' -t'T-^X ( t-7i-)W<— 

^y^-^>-tC2fiM%?fft¥LTr^t^f*. 3 
>f yf5M7XH±C2 5 0 0 rpmt'Xtyn- 
MTA^-ym^Mt^, SK^l 1 0°CT'9 

2 0 0 "CC 5 B#ra. 3 0 0 °CT' 5 BWH, 3 5 0 "CC 3 0 
ftWmw Lfz . JnSRiiQaitoSfi^H^ A F Mt«g 

[04 3 7 ] ££>iSRte*fU CF4^, 0. Olt 
o r r , jtffiS 1 5 0 W, 3 OW^frt'J 7? 

<T 4 ?4 7*ff\\ m&.%^v1->9'L 
fc. Oz 0 . Oltorr, itffiS 1 5 

0 W . RJJS 3 0 WCO^frT U T 9 -r A 7*4 * yi >y 

ft-x-iz, ^mmiD&zmmmizT >y ><y9 , T-£ & » i« 

tem. ^l^^xaHE^HtClttgl 2nm,I$25 
n mtOTL^ 1 ¥73 // m^ f )lv2000 IBSS^afST 

[0438] ii7)^7XM^IIIXA- 7 ^ y >- 
/ti^l 5nm(0CoPtCrfIS:ittL!t„ Co 
P t C rf¥§LhtCX^-/^y y^'tJ; 0 1 0 nmC0%- 

xyzmmt Lxmrnttz^ ^-y^^^^n 



(49) 
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mmmfazmi Ltz . z nfmnm&msmjfflt 2 

kO e X'fo-ofz* 
[04 3 9] [H»J4 4] 
y/n y v-o-^fig 

[044 0] tTTIB'fiS^Cfc^Sil*^ 

- 7 8 0 CT-^ y JG&aSJn LT i^/n -/ ? 3*? U 

•y 9cr>^mi. rK'J r^y^^i^ y#"6 5 0 0 
0, ^iJXfl/y^y^j^ 1 3 2 0 0"C&o3t„ £ 
fc, 4HF*itfB ( Mw/M n ) « 1 . 1 "C&ofc. 

[044 1] 

[ft!8] 



Me 



\ . n "Ru 



n-Bu 




10 



20 



Ph 



[044 2] ^9—ymf& 

#®lfe 5 ^ 7 r --f ySP-341 £rN-;*f-;y- 2 -t° 

«, ^S^lWTtfc^t, 15 0°C, 2 5 0°C, 

3 5 0 °C<7)JIIT 1 B#HJ-f o JP#?l LT . f$30nm 30 

[ 0 4 4 3 ] S®, Ltz'J-fu -v 7 arff'J F 

-yh5>-X7r-I±(:2 5 0 0 r pmtxtyn- 
hLT^-VJBjSRtJBjRLfc. 1 0°CT"9 

OtHBliiJfetTiffiKtS^tfc. **>8L KB**-:/ 

ytAiu sasMsi+tiswt. 1 5 o^ct-s^raiiD 
ft, mmmm^^zti^x , 1 5 o*c*c 1 usia. 200 

°CT' 5 B#[bJ, 3 0 0 °CT 5 3 5 0 °CT" 3 0 ^JP» 

VJFMM^^Ht mm 1 3 nmO?L#fflPLT^£.r 
b-ififcfr^tz* 

[0444] iWMStJitL, 0 2 ^ s 0. 0 1 to 
r r„ jffcffKl 5 0W. R#fi£3 0 W^ftt 'JT?f 

c^tlt. Hfl 13nm, (IS3 0 nm^JtMTX^ 50 



9#IH2 001-1 51834 
9 6 

? hifcOJ4*?3r?L£ 1 fjitmjfc W200 0«§K 
^jrctiBSSsBBHt^Sti-r l >fc . icO^'J -f 5 F 
^?LSfffil£vXy*h LT. CF 4 . 0. 01 tor r. 
miW. \ 5 0W, M3tiK3 OW^fftR I E*ffV\ 
i/ijay^-JXirf^Lft, ttwcoj. 0. 
Oltorr. ittfi^ 15 0W, K*f^3 0 WOittt 
r-y^V^'^frtK JSffUtaKlM 5 HRSxyfy/ 
L?t. ifDfcJfl. >-U rjy^ys-o^ffitcigSl 4 n 
m % S?§7 0 nm«rx^? hJt<7)SV ^7L^$tf 2 0 0 0 

«g*<o»ireiis^iaiiBtjpjjtS*i-c v . 

[0445] IXhOcfc -5 fcr, *°'J T^/k^/y^ >M 
i: jfe y xf v i/ b H> & S >y ? n # y 

[0446] LHMM4 5] 

yy'n -y ^ xj^f y co-^-fig; 

y^y-F (PEO) gffc^U^f-^^n^^ (P 
D M S O ) Mi; frt>t£h i?y'u >y 7 "J (PEO 
-b-PDMSO) ^^tJt, 
[044 7] RjEW^M^LT^yx^l^y^^Fv 
^nv-Jfu, •^-^^^ohy^n^-tfyS: 

ti'j ^2±*mmb LxnviymjiY, 2 dh^sl 

itl!<ojDJERtES*fflv^. MJStp{s4mE^r;P3'> 

[0448] T/^yiSL^fe, RJiEW^t^'J 
x^-^^^^b'SrlM^y-fe'ytcjgWt^M^Ati. 

* SPX » 3 0 TTC 1 B$r B 1MtF LfcfiL 2 5 °C T"^^-^^ 

fi^^nb y yu^y^n^-h^mnhxm^L 
Tiejp L fz . c\ftt>co—&cDi J PMl&T;ls3*yin£TX"ft 

\i * » ^«^ma t * ^ i a c#tc?)at & a -? . gp 

C l/z «t y FJrl^fi^l A> =fx^ i J: & WIS U b U ^ 

^mmLtz. KRM*3mt,zmmLfz&. +^m.cn 



( 

9 7 

[ 0 4 4 9 ] Jj? U Xf- F- y^ >- F 7"o -y ? COM wJi 6 
5 0 0 0. ^f'J Wf;l/yoJffyyn7^»Mwli6 
2000, Mw/Mn=l. 2 0tfc-5t„ 

[04 5 0] J*9—>B& 

tltS37r^f ySP-341 £N-y^-/F-2-b° 
ay F'y (NMP ) T*RLfct>tf» Jxtya-M, 
fc. £<9i^*, a*&8KTfc*SVvC, 15 0°C. 2 5 
0°C. 3 5 0°C<7)JIIT- 1 B#rBl-r^JD*tTl¥§ 3 0 nm 

3, 5, 7, 9, 11, 13-^y?n^yf;k- 
15-b'^;Ky^y?n [9. 5. 1. 1 3 > 9 . 1 
5,15. it, 13] ^Z^i/u^y (V i ny 1 -POS 

S) fc. rVb'X>f V^-f-a— Mi;W*S*Jtl : 1 : 
0.05 -CMS L J^^^lSr T H F 2 M%5®S¥ LT 

yX7r-Ilt2 5 0 0 rpmtXb'yn-hUA' 

*-yjBWW£JBj«Lfc. KW* 6 o»CT-9 
0 o CT-5B#r B 1SD»MIlL7 , -c„ -M*. A7-y«K 

2 o o°ct i b#PhL 2 5 o°ct- i mrs. 3 0 o°c-c 

1 B#PbT . 3 5 0 °C X' 3 0 L tz . PS1 * A 

1 5 n m^fL^'i P L t V ^ i f: ^'fc^ -? ^ , 
[04 5 2] iOlfi^Mt, OitfX^ 0. 0 1 to 
r r . Jftff«l 5 0W, Ktf}£3 0W<0*ft'C'J7?f 
-f y'-f ^yX'yf-yy'Srfi 1 -?*:,, -t^ISS, y'Jn^ 
x^-±co^U-^ 5 FflB (^-yh7yx7r-I) 
C0^:H^tt@l 5 nm. 3 OnmOJttWTX^^ 

U^SFMfI*?X^tU, CF 4 , 0. 01 t 

0 r r , 15 0W, ^1^3 OW^tR I E 

, 0 . Oltorr. jfcfrSE 15 0W, RM^3 

fc. yi;3y^xA-^B(;fgi4n 

in. m$ 7 0 nm^TX^y FJtO]t^?L£iS(3lSTO 
[04 53] 6 ] 

mm\4: 5X'i?f&Lfz#v^j-^y**yvt#v y'y 

1 -;p-r F y #;P#>fg~ t P -7i-l/yy7 

s^t^-^jaufciKursHii*, ami : itii 

^ Lfc»£*S NMPC2 LTrii! Ltz . i 
CD^MSr3-< yfy'Jay^iA-±t2 5 0 0 r pm 
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6 O'CT-9 0«HSHn«Rl/C»»£S*Lfc«, S*»H 
8 0 °CT- 5 Bttffi&lfife&BI L fc . ^Wft, M 

WS^lZiiWX 2 0 0 "CT* 1 B#PhF 2 5 0 °CT* 1 B# 
Pel. 3 0 O'CT 1 3 5 0°CT-3 O^JDiWlL 

<r>-$mfcmm 1 5 n m co^wm^ ^tcx^^z t 

[04 54] ZcD%TLnm$:~?X7b LX , CF,, 
10 0. Oltorr, Iff«150W, RftfS30W«t 
fftR I E^ffVK yiJay>XA-JX7fy/L 
it, IV^TOi, 0. Oltorr, aff«150W, 
BMttk 3 0 W^tfttiff L fctf? 'J v- £ T >y yy?"L 
fc. iOlSIH. y'j3y7XA- CD^Ht-Sgl 4 n 
m. 5 nmCVTLtfimmfflffilzBf&ZtlX^fz. 

[04 5 5] [HJSM4 7] 
y/o 'y y 3*? U V-cO-£j£ 

y^-^r^F ( PEO) ilii^'Ury VU—hV)V (PA 
20 N) ^t^^^-SFUyn-yy^^UV— (PAN-P 
EO-PAN) ^Mlt. 

[0456] SJtEBBi&ffJi: LX . tff U xfU y** y F 
7?n?- (^Uxf-lyy^^FcO^'V^AS) Sr 
fflV\ r^'Jn-l'JMf^U;. ?«9yFybF 
n 7 y yfc i I/Kybyliilft >J ^-y A r 5 — ^ A 

(: ; ei/^j.7-y-7'X4 ASSALfc. ^eyv-or 

y Un— F y;Mifi&SJNaHS03 7ja§?S. l%NaO 
H ZS^LfzimN a C 1 T^mm, fgSJN a C 1 7K?W?g 

30 <o«rafei»Lfc»s mt^ivy^^mmbLxws. 

HSU S^^T^3'>^jTlT. yJcSlt^^y^A^lg 
4A^SALt. tl'J^^^l/yfiTHFtf. y 

7yi-yt;^«yFyyA^K)ESii:ytisiML^, ^y 
7yx-f;i/ (yy^DMy;i/- l 8-y y<7y- 

6) it^y-eymm^mffl&mLfzm. ly-eytm 

UfLft. -1fJxfl/y^yF(ifi*S(;OHMt 

40 l,Z4^]±cr>T}y3'y'Bm^tL. ^^cOF^gP^A^ 

[0457] T/PyySr^L^^. RjCSSWitsK'J 
xf - V y * * y F £ JH*< yt'y L ^ & A^i 

r. *^t, 5mm*iirxmi&mLtz. *st. th 

ffir;pyy#simi: lt. o°cyy f y y^y^y u-y 
^Jp^. § ^tc3 o s ct?7^yx-f/io^yHfyi 
atJniTflH'PLfe. msBBWPft, -7 8°cy-ryy 

50 Sl^ffiL. GPCT^miSaStfc. mi£Ztltztt=F 



( 
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mZhtlz, T7 'Jn-h y £>ft 
& «£ 3 fcftttLTilinUfc. £*t.£>0— jiOfNUiiT/P 
rf^JEETTffl^ ^hm^aiAt^r^J; a»t^aE 
* & o tz . G P C -Cffig?)^*^ 6 ix^ i fc * SB 
t , ^-ifiOJeSi £ A,*f 2 - 7° n; W - )V £ 2 m L JD X 

3 £»K . +»*JI<OSSx— r;i^+t=8TF L 

[04 5 8] ^iJ7^"Jn-Ny;KiMw=6500 
0. ^'JXfl/y^yH(iMw= 1 3 2 0 0X\ Mw 
/Mn = l. 4 0?*-jft. 

[04 5 9] 

SiC2 5 0 0 r pmT-Xb^rJ-b LT^t^ — >-Jg)o!t 
KSJBjftLfc. K«S 1 1 0'CT9 0»BHmS»LTJffiBt 

MtfJtJo^T. 2 0 0°CT1 o#\ i):t; 1 3 5°CT 1 0 

mrmmMmLfz .200 r T-oMwaa^ i 0 

£ tz „ 13 5 ^T'OMfcjSOSfc i "9 5 ? nffliHUtfSWs 
±<jiffr&. JJcfc, KS*££W»fc4swt2 0 0TTC 
2 4I^PM?W Lfc«, S*£H5W»fcfeVvC 3 5 0 

MTWKLfc t:^>, ^ - ymmmco-gmizwmm 1 

2 n m Of L^ffM § iXT Cl t j&^jEp -5 0 
[0460] ^Olfi^Mt, CF 4 **X, 0 . 0 1 t 
o r r . mrSil 5 0W, RSf}£3 OWO^HrT'J T? 

tz, ^rCOik. OzflX, 0. Oltorr, itfrifcl 5 
0W S KftHR3 OWWffft'JT^f -f /-f^Xyf 

yri&K ^-ymmmcom^m^Ltz. 

[046 1 ] <l£OSa. ^^^SJtO^HtCItfll 
2 nm, ^§2 0nm<7)TL#'l^Xtmftfc l 9^2 0 0 
0 Wgjfc^lTCfcH^MfcJBjRSflT V >fc . i OS 
8Efci . A-Kfa^ o»K3r fc' fcfflv ^ Sit WC & 

4. 

[0462] [H»*J4 8 ] HJf #IJ4 7 Lfc P A 

N - P E O - P A N h U ~?U >y ? 3:j?y V— £ , «Ti§M 

i; L"C 1 0MM.%co'J^^i-^y^U—h^MuLtz. 
7'n -y ? 3sK y v-O 5 ? nffl#JH£ & fcfte^R 
S««TtfclvC2 0 O'CTl 04h & 

ens °ct" i r#Pb1 200 °ct" 2 4 mm. 

mftif 3 5 0 °CT' 3 0 #(cRje Lfc . i tl h Vtikft-JZUH- 
ofc. ^OlSm. «t^fSfyiJ4 7t|aI«^?LW^- 
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[0463] LHJSM4 9 ] mtWU 7 X'&m Ltz P A 
N- P E O - P AN h 'J 7n -y ? rJ*T>J 7-(7)211% 

?§MSrria L.fc»» 3 >r yf^i^7xii±(; 250 

fc. kw* 1 1 o°cT-9 ofmmmLxmm^m^t 
tz. mm^^-^yizMi. mmmm^izn^x. 2 

0 0°CT'l 0^, 13 5°CT1 omfsiM^SStMLtz. M 

mz^tpizti^x 2 0 o°ct*2 4 mmmMMLtz 

f*. fifgSH^^tCfcV^S 5 0°CT3 OftmMWML 
10 . Mz , 7 -y ST 1 y^y^Lti. ^O 

f*. 7^ly4>tTSf«ftf^fi : i\ S-jTI^^'J? 

[0464] x^Mo^Htieg 1 

5 nm s 1 2 nm^'lf ^mibft 0^)2 0 0 

•y bx 7 f- y?<r>7i.X'W®i7»** ——yytfi "imx'fo -o 

20 [0465] [^»J5 0] 
i/Vn -y 7 3 *T >J v-O-^fiJ? 

fi/m^KMn, mmm4 7X'^L?zjrmtmn 
coyjmx\ ?Kyxf-v->-^^h' (peo) nt^yr 

^ y n- h y ;K P A N ) Mb *»6=fir& ^'7"n -y ^ =J4-° 

ij?- (PAN-b-PEo) ^-^-jiScL^. *°yr^y 

n- b y;k7"n.y^OMw{i:l 0 6 0 0, ^'Jx^i^y 
^yWMwli3 5 800, Mw/Mn=l. 37X 

fo~otz» 

30 [0466] t^—yym. 

^7Xlt±(:c o p t c raHMS*»J*tfc. - 

MM4 9 fc C o P t C r MttJK^^x -y hx-y 

5nra,flM2n m O^j^Oi&ttJKflBt^ 1 

mfcfc 0*^J 1 8 0 OiiSK^a^JBWIBIBfcjeiSS 

[0467] [USSM 5 1 ] 53MLhfc*° UTS K« 
40 (JKl-aiHrS^y'r ySP-34 1 S:N-^^- 

;l—2-trny vyxmiLtz&co) Zxvya-hL 
tz. ZCOMUi, mmm^LT. l 5 0°C, 2 5 0°C. 3 
5 0°Ccr>mX 1 B#ra1-roJ[]fiLTl¥§ 5 0 0 nm^ij 

5to ^OitT/l-S-^A^ 1 5 nm^jtfLT±Jl^ 
-yh^yxyr-mzmfcLfz. ^0±tHSSM4 7 
i: |S|«O^Tffif PAN — PEO— PANh'J 

7n 7 ? ndf J Y-J JJ § 8 0 n mK7.ty a- 1^ Lt 

^?-ym&mzB$.Ltz, ^y t^ y a- h 'j/i^/n 

50 77«Mwlil44600, ,f°Uxf l/y^y H7d 



( 
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■y^C0Mw(£7 0 7 0 0, Mw/Mn=l. 4 1T"$>o 

[04 6 8] ZCOm^zML, CF4*'A, 0 . 0 1 t 
o r r . jifiiffe 15 0W, RIM3 OW^frtU 

W*9—>*H&Lti. m^XOzij'X, 0. Olto 
r r . jtffi&l 5 0W, mm3 OWO^ftt'JT^f 

5>X7r — JK*x «y f-y^ Lit. SfetCFt^ 
0. 0 1 t o r r . jtft«l 5 0W S Ktfi&3 OW»i 
ffTU T9^r -f :/*--( ^xx-y •f-^Sfxi^ ±Jg/"\°?- 

•yf-y^LJto By'Oa^X, 0 . Oltorr, jiff 
S15 0W, K»f}S[3 OWrojfcttT-'JT^f ^ 7'V :*>- 

X'y^y^SrtfVK TlA7-yi?y/;7r-I» 

-OfeS. ^y&KCltSl 1 0 nm. SE£ 1 
2 0 0 nmt^oMm^ hJtOftV^UT* 

[0469] [HJ60IJ 52)y'j3 >- <7X7\-±.fcjK/f 
5 0 0 nmOS i OsJRSJgj^Lfc. S i OilBitTE 

■ft^c^Sftft xo h/nvii^M 

— ?LT. Hffl 0 0 nmWJy^yW^-yh^ 
y X 7 r HK£ fm L fz . *r U 5 X * 9 - y h 5 XX 
7r-JKt=liS!'ft:Kfihffli:L"C0. 5wt%<7)3, 5- 
y-ter t-7>/P-4-h Kcr^ h/VX>-2r85fllJ 

[04 70] 
[ft!9] 




[047 1 ] ;}?y ^7X*>£>&6.>n°:?— >-b5XX:7T 

-hjll izmmm sot mmcoumT^f& Ltz# y r ? u 

u- h (Mw= 1 2 0 0 0) -dfjxfl/yt^y 

H ( M w= 2 8 0 0 0 ) y7n y ? U 

U 9 0°CT'2^rBl<— 7 LT4 0 nm(7)A7-yfI 

fc^T2 0 0°CT' 1 04h 1 3 5°CT' 1 0B#PbT. £ 

st+fctsirvc 2 o o'c-r-2 4 sua. sswssHSWctsv* 

T 3 5 0 °CT' 3 0 L fz . 

[04 7 2] iO^-XflMI^VX;? £ LT. HB 
r^S!5 0 seem. ISI8 0mTo r r . 1)13 
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S7J 2 0 0 W«t* 'Jy7 > fll£x -y ■f-X^Lfc. 

ofc. <j«c, *;yy7^^-ym^hit, c 

4 Fs^'XM* 5 0 s c c m. CO^Sl 1 0 s c c 
m. Ar^'XSil 0 0 s c cm. 02#Xj|i3 s c 
cm. m^jg lOmTorr, fflj^am^ 2 0 0 WCO^kft 
tS i OiMfcx-yf-X^l,*:. ^'Jy^ylOT-yf 
io x?Wttli+#T* 0 , s i OslSfc&jfffc^-y* 

[04 73] 3r&. ^ l Jx5^-yh5«7r- 
Jit3, 5-y-tert-7*f/l'-4-tKnJfyb 

A7-yM^yy7y^-/f5yX7r-I 
t ox .y ^yymSiikit 3 0 %t£T Lit . 
[04 74] [^SSM 5 3] 10-1* yf«5M7Xl 
20 ^fcJtJP5 0nm<9ATO£-*#U zotizmmi 
OOnmWSiOzlJiiL, IfliCI)|5 0nm 

[0475] ^'7"n -y ? rJ^'J ( ] JT9 V V— h 
V)V : Mw= 1 2 7 7 0 0. ^'Jxfl/y^yF : M 
w= 1 103000. Mw/Mn=l .30) btfVT 
7 VU—Y- UfV (Mw = 4 5 0 0 0. Mw/Mn= 1 . 
3 7) fc&*fctt2 1 : 7 9T«-&Lfc. ^O^t)* 
T-fe hxh y;W^5fi»%?§S?t. r^tT^^ISS 

30 11 0°C*CKMLT. ^)¥9 7 0 nm(7)rt?-« 

[0476] Kftfc:*— 7>fcA*U S*#Hm^^fc 

2 0 0°CT 1 0t>. iXtC 1 3 5 5 CT' 1 0 BfPal. 
tfJ^feWC 2 0 0 o CT'2 4B#Pb1. MSSHM^tfcV^T 
3 5 O'CT-3 0^-SP^SLT. A7-y«JM 

[0477] i^teR* . tmymm, m^x ? vwrc 

<7x7M7fy/U, ^AMi: S i O2JI 

40 f*. 0 2 77yt-T-7yyy/H^\ ^^-^Jgjffi 

[04 78] i^SS. T/l-S-^AJi&itXS i O2 
SfcEf58 4 0 n m<7)TU>\ 300//mXl00^ m« 
0»2 3 0 0 0^@c7)®JST7TM$tLT^ 

tz . i ixti^McOJw -5 7'n >y ^ a ^ 'J v— Srffl V \fc 

fo&mg.jyyMzffimztcz^tz, zcofzi^. zcom 



( 
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v— (fed) cog-jimy— hWMizm^tLif . wm<o 
ti&. Lfztf-ix. ^mmmco^mn fed co-^iimy 

[0479] CUSfiM 5 4 ] ^ffi^ij 5 3 cD^7*n »y ? ^ 

a*serFfc:e^T2o otxi OtK iKKl 3 5 

"C-C 1 BffBL ^mtf 2 0 0 *CT" 2 4 BfPaT , MSM^T 3 
5 0TCT3 04M3RjeL;fc. i*LA>W*ffJaW±, HJfi 

fmmmmzmm-t * - 1 #-c* ft . 

[0480] [HK&flaj 5 5 ] HfRcoflB^SrX^ -y ^ 
U y 7* L ft: . . ^7" n7?3^ij7-(,-K^ 

f/I/7i-^y7yMw= 1 3 5 0 0 0, PMMA : M 
w=61000, Mw/Mn=l. 10)«10%PG 

MEAmmzmsLx. fyy~-y~\HX9 Bfflfri-rx 

oft, i(07^;^J 3B^*£$£*£Lft 0 itOT-^/k 

ft. -eolSS.. ^Ui^^&it^PMMAfflOVvfft 
tjli^Lft. 3<K7C0V*-f ay-r^f x ^TXffiMbto 
TViSiJ: ^'5ifg § ixft „ 

[0481] zcvmrnzm^mz 1 5 0 k Gymnast* 

Tlfglf Lftf£. ^ra^t 1 5 0°CT'2B#r B 1. 2 0 
0°CT' 1 2B#fIL $ ^t7/lrfy^STtfcV^ 5 0 0 
°CX 1 ff#P H 1JPlR^S t ft . £&£«?£8tflt ( T E M ) 

> y-mmmLtznm&nmztifz . ; officii: 
7cco 3 &7ty\M 3 -f - ^rx«jti: raarwc* 

ZixXi^fz* 

[0482] i«#TL*K**»jjtS*ut««t^ffla, 

fMiM^M*. tm^^^jv-VM^mmt Lxm 
mm> -> % zft-? ft . vmwmmh Lxmsmrnxm 

»*lKtBlff*-0. IV vs SCE^fg^t 
ft. ^ofeSL ^fLMM^fL^KM^WS^ft-^y 
ay^y'-yMS fl*T & ft . 

[04 83] [st*W5 6)7Ki;^5y-jKyxf-w 

^ H^yVo -y ? a^f U V-O^-fig^ y -7- i: LT 
MlMt LT sec -7'WJ-f^ASrfflV^ft, THF 

RIK&K- 7 8°CT"^ y^-Srjiii&manLT U b"y 
^r-^-ya^t j; 9 , t°v r*/k* &)vyy ymt 
*° U x f- U- >- ^ x K II £ * 1 ^ & £ ^ 7'' a ? n *r 1 J v 
-£-£-J&Lft. C0Mw{±7 0 5 0 
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0, Mw/Mn=l. 2> dfJy^ya-'/b^MwIi 

14 500. ^'Jxfl/y^yHa^-y hcOMwi±5 

6 0 0 OXfo-ofz* 

[0484] ^Qfflttfcdf u r 5 Fwmm (mnas 

-lr = 3^ r -fysp-34 1 

Ky-C#S?LftiO) ^Xtyr?-hLft„ ^(7)*^^ 
S«MiITti3^T 150°C. 250 °C. 35 0°C<50J1 
T'lBtPHl-r^SPSiLT^'J^ 5 HJK (^-yh^yx 

7 7-1) ^ffMtfto i^#U-f SHBLhKLfclBT^ 
10 m Lft j^/n -y ? adf 'J v-<0»«[t^B LX'*9—> 

^mmi^fiitt u y? y*i*iwb tft . ; ok 
£»'frfc*svvr i 5 o°ct-2b#^ s a##Hm* 

CiJHt2 0 0t;t2^ 2 5 0'CT'2B#ra. 3 50 

°c-c3 o-»in^aLT#TLM^tft 0 ^^jimmz 

777ttt> Oa^'X. 0 . Oltorr, ittfiriS 1 
sow, mm 3 0 WCO^frt- U T?7- 4 ~7A ^yi 
f - y^ff -5 ft . i cr, t # Tt^tSixft ^ yWkCD 
x .yf-y^Wffii+^-T-fc 0 , *°'J S HJSC^jff^N* 
20 ^-y^iW^it^Jt. Sfet, iKU-fSKK 

WMtlg 14nm, S§10n mCOTL** 1 TS"/^ m 

s>ft 0*^2 4 o offle*«wjrctiBWBfcjgjssfi 

TUft. 

[0485] [HSfeM 5 7 ] HSfiM4 3 "CfflV^fc^fc H 
i©y7n >y ^ 3 rK U v-^Jg-fM^V-y^ 1 SS%SF 
SILTriiLft. i<?5i9ffl[t, *r>J-?-aic01%Ov u 
l^/f/l/Tyt-^A • Mt7na77f^-l 
(IV) ZmuLfz* ;*USi 01I±CJft7 
30 h LT/¥§ 2 0 nm^^-yWJlILit. CcO 

mmzi i or-r-9o#PHijDi^t-r^*®*tft. * 
wa, wmitx-y-yizxti. mmmm%^ziiux , 

15 0 °CT' 5 B#f§L 2 0 0 °CT' 5 BWH, 3 0 0 °CT" 5 Bf 

Pel % 350 -ex 3 o ttnimm t ft . 

[04 86 ] Z^mzML. C F4 , 0. 0 1 t o r 
r. JttT^l 5 0W, Klt»3 0WOifft'J77f < 

7^yx- 7 fy/Jft\ s i o«^i7fy/L 

ft, ZC?MM. mS.CO£ffitZ&& 12nm, S§25n 
mOfl^ 1 TTf^mftft 9*52 0 0 0«g£<Z)WgTtI 

40 tfrnffimizmmztix^tz, iorL^^a^s 

LT v ^ft . i coa£fc«te LTBMtK^JS^S 
•fri i fc lz J: 9 . Kf -f x^fflaSQE«8a»(c*ft« 

T^ft, 

[04 87] [SSNSW5 8] 

TiEflS*yC fc* § ix 4 ^ f - U y*S^° 'Jxfky^y 
F7?Q7-(a) (Mw=14 100, Mw/Mn = 

1.04) feiVrKU ^nrx^^-dfi?- yifftt/v 

-(b) ( ;i t\ Rte^i^S) OTH FS^ffffi 



10 5 

OMwiilOlOOO, Mw/Mn = 2. 1 . 
tX^f^tyii#;a-7 bc7)Mw{± 1 6 4 0 0. *° 
yxfl/y«yF7?n7^7hOTw(i8 4 6 

[0488] 
Ut2 0] 




OMe 



(a) 




Ck R 



R 



(b) 



O f P \ 



r ° R 



[0489] iCDy*^:? U v-SrfLI$a:^;Kc 2S 
L , S«±tMflJ L T §^»r.£> £ £ t J: 0 
^-yffMil^ffMLft. £cDtiffl£ 1 1 0°CT9 0 
fm&nSftLT^M^icLft. Zcomm*. 2 0 0*CT 

i B#p a T . 350 °ct 5 mrmmmm lt . ; N°y*- yjfM; 
m^^vAthtz. znmmizttL. cf 4 , o. 01 

t o r r. j*ffi£l 5 OW, SIt^3 0 WtO^T* U T 

ft. -f-OSfeSI, lt±Clgl8nm. il?10nmi7) 

[04 9 0] [HJi^J5 9] T'n'y^rJ^'JV- (#y 
U n~MJ;HVIw= 1 3 7 0 0 0, ^U7nei/y 
«yFMw=32000, Mw/Mn = l. 45)^ 

1 0%NMP^SSrT-7ny^^-HcA^x. T)V3y 

)vj±* 3 Brm^mskLfz. zcoy ^vA^^mmm^ 
womu mmLnTmffiMTwmLtz. *<mm. # 

it fc * o t vi h z. t tm m § ixtz . 

[049 1 ] ZCDtmizn^Mt: 20k G y <7)H3|«T- 
HlftLft:, Zcrmni:. Q&Wz&HX 1 5 0°CT2Bf 
Pal, 2 0 0°CT"1 S/afcT/I^yStStrFfciS^ 
T 5 0 OTTT' 1 B$PeB. 12 0 Ott 1 B#(SJP!&M3 L 
ft. £Ot^£TEMfIf?Lfti:£6. ®LS»2 0n 

mcoi/ v yy-mm$:&wLfz^-%j±vi£jim#-# 
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ysi# - »k ymm h lt n fftcffl ^ h z. t trcz h . 

[04 92] £fz. tfVT? 'Jn- h 'JMw=6 9 0 
0 0, ^U7oei/y«yKMw=140 00, Mw 
/Mn=l. 4 2 O^'JT^ 'Jn-h U;l—Tnt°l>y 

[04 93] [HSSM6 0] y/D'^a^yv- (*° 

yr^yn~hy;nviw=i 37000, ^'jrnti/ 

10 ^yKMw=62000, Mw/Mn=l. 4 5) 
«l 0%NMP?MJf 7nyy^-i/tAti, fy^ 

C9/P§i£l 0//mtl)^. £<07 3 Blal*£ 

tt^Mj&gtTli&IKLft: . **>iSII, *U T y* U o " h >J 
/MSfe J; Xf # U To t? 1/ jy H ffi<3 \ ft *, t 
ft. nyf^-aTXlItijrotui,; 

[0494] £ 0>iGB(=*F** 2 0 k G y <Z)BgSf JtC 
20 Stat L ft: . £ OfcCBfcSSft+fcfc 1^150 °CT' 2 

Pel 2 0 0 °CT- 1 2 H#|SL § h IZ T)V 3>Mf!T^i3 V ^ 
T 5 0 0 °CT- 1 B#Pa1. 1 2 0 0 °CT 1 B^PbMd^JI L 
ft. TEMH^tciD. v\'-f ayr^-i7XlMffi 
» L ft ^TL«^ - > j&qgjS 3titv^;tif*>A>r> 
fto £O^TL«^-^Xi*-^>mSi; LTfi#tffl 

[049 5] LHJSM 6 1 ] y/n -y 9 ^ V V— A 
(^'J77 'Ja-b'J;lMw=6 8 0 0 0, ^'J/nt" 
l/y^yKMw=3 2 00 0, Mw/Mn = l. 4 

30 5 ) 01 oxmrn^y^y^^-^izMi, fy^- 

^-rt"C 9 0 IBjWT ^IU7^ Sr^g Lft . ^ 

/n >y y* 3 *r U V- A^gtCiiJg-fte^K t Slb/l-^- 
^A^^jDLft (Pt :Ru=l : 1) . ^'^ 

n 7 73*fy7-B (^yr? u n-MJMw= 1 3 

7 00 0, ^J7otl/y^yb'Mw=6 2 000, 
Mw/Mn=l. 45) C010%»f7nyy^- 
ry-^-y--rtT-9 0IB3&»tfC(BK tft 7 ^ 

;i-AS:#Mt7c 0 i'm^tifzy 4 )V^cr>m.^\i\xffi\ i 

lO^mt-fto/;, £*l^<7)7^;yASr3Bra*^^ 

40 tft. z\tit>co7 j>vj±frt,wmwk*®*)\£L. mm 

ffl*fSV ^tc»»-6-5 ft 5 ^ nfflvi-gSfflit £ h ^' 
itfS$tLft . y/o -y y- a^U -?-AM£*/l<'? V >T 

[04 96] TT'jy— *fflV\ sK'JTSKBIWS 
(St/ttl-fe537r-fySP-34 1 S:N-y{^- 
2-fc°n'J HVC?BJRLft:t>e0) Jy'j3y^x^-± 

50 ^< #JtO*fi*tfJCA*t. 5BtPel?Ii«tft 0 7^;txASr 
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10 7 

T, 2 0 0°C. 2 5 0°C 3 0 0°C. 3 5 0^1^ 

-ro jdis^ l r , ^mmm o . 5 ju m oh&tc^ 

[0497] y'7*n -y ? r?*f U 7-AI, y7o -y ? r? 

*L/io £<9flWIt*£5W'fc:*SVv*: 1 5 0°C-T2(f§ 
I8L 2 0 0 °CT" 1 2 B3RL £ T/U =f >-M*tTtC iJ V > 
X 5 0 0 °CT' 1 B#Pb5, 1 2 0 0 °CT' 1 Wf fBSMUXM L 

gi<l2 0nm, 40nm, 0. 1—0. 5jum<J0^« 

[0498]^. y'7'n7^*:yv-B (jtf'JT? 

(iD^hUMw= 1 3 7 0 0 0, ^'jrnti/y^ 
yFMw= 6 2 0 0 0, Mw/Mn= 1 . 45) ^ 

7'n £«&Gj5ritfW k L 

U HIJ51 O^m^txMmL/;. ico^yu 
7^a*'J?-Bl«;y affi^SHUiW-S-Htli P t 
lifWlffLti*. £0>IB£S*4»fc:tJVvt 1 5 0 
°CT-2B§Pb1. 2 0 O'CT'l 2B$IS. $tl:r/W>M»S 
Ttfc^T500 °CT- 1 B#PaJ ,1 2 0 0 "CT" 1 B#Pb5JP» 

[0499] j~)vmmkt£h=m<r>^i\M.t}- 

y y y -/i-s^ftm^-fe/i-SrffM o -I OD-fe/MCX y 
y-rt/fc£JKi:tfttetyt6 OXTCSMk W; i: £ <E> , M 

[0 5 00] [HJfiffl 6 2 ] flSRSffiSI fc LT*° 'J 

s^xf-i^y (23) ^^u/^-T-;!- (mymrnxMit 

») 3. 5g, /ytyyo. 2g. $HHM£ltU&?>fir 
SWfci: LT7/17 ij/iyr/L-rj— /k3 . 4g, fcit^lg 
1 . ig^,*29 gfciSSPW;. i<7>*JS»fc-f y* 

? y > 3 3 g Sr^Jn LXm t < J£# 6 0 °C"C 1 

«, U «S^1LT 1 . 0 gcoMfeWtf- 

o°c-c-2B#pa^ oo'utmasrrtfc^t 5 0 o°ct 
1 mrsm^Lx 0 . a g<v#-#yimfaz%tz, 
[ 0 5 0 1 ] a 1 1 a xxsm 1 2 ^-^>«it#:^ 

[0502] Jbie<o*i8SKfc:HttH&?-* yco 2 0 w t % 
SiStJJ:l^«&£S'4 i f-3fc. 0. SgcDy?-*" 
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ft i h Hz i o T JK**' fa_L L ft . 
[0 5 03] [HJSM6 3] 
7"n >y y rj U V— CO-^-jS 

1 , 2-,ityy^^xyMi:^yxf-^y^-df^HM^ 
y7*n >y y »J b'yyi^Ciot 
■^-jKLfc. 1 , 2 -dfJ/^yXyIliMw= 6 5 0 0 
0, *° l Jx^U-y^-dr>-KjI{iMw= 1 3 2 0 0T\ M 
w/Mn=l. ltS>-5!t t 
10 [0 5 0 4 ] v** — yj&R 

y 7'n 7 ^ n ^ ij v-C 3 3 , 3' , 
4, 4' -f (t -7*j-)V>^—tti/1]}Vifs— 

jv ) ^.yy y x j >zmuu LtzM&mco 2 mm.%mw& 

^■Lfc. -O^M2r 3 >f yf-^W5X*RJit 2 5 

0 0 rpmtXty3-MtA7-yffMIS:ffMl 

fc. K^^^--y>t;AtL. ffl*iswtifc*j^T, 1 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the ingredient which is made to form the pattern of 
nanometer order in self-organization on a substrate, without passing through a lithography process, 
makes this a mask and can form the high nano pattern of regularity in a substrate. Moreover, this 
invention relates to the ingredient which is made to form the structure of nanometer order in self- 
organization with bulk, and can form other nano structures with high regularity by making this into 
mold, using this as the high nano structure of regularity as it is. The ingredient of this invention is 
applied to manufacture of the magnetic-recording medium for hard disks with the recording density 
more than a 10-gigabit [/square ] inch, an electrochemistry eel, a solar battery, an optoelectric 
transducer, a light emitting device, a display, a light modulation element, an organic FET component, a 
capacitor, a precision filter, etc. 
[0002] 

[Description of the Prior Art] By the advancement of the engine performance of electronic parts, the 
need for a detailed pattern or structure is increasing increasingly. For example, electronic parts, such as 
LSI and a liquid crystal display, require ultra-fine processing technology. There are also many devices 
which need big surface area by small volume, such as a cell and a capacitor. In the future, the technique 
of high density solid mounting is also needed. Although the lithography technique is used for these 
processings, a manufacturing cost becomes high, so that micro processing increases. 
[0003] On the other hand, although patterning of nanometer order is required, there is also a field which 
does not need precision like lithography. However, since the patterning approach simple until now was 
not learned, the detailed pattern had to be formed with the lithography which used an electron ray and 
deep ultraviolet also in such a field. As mentioned above, with a lithography technique, actuation 
becomes complicated, so that a processing dimension becomes small, and the problem that huge 
capitalization is needed cannot be avoided. 

[0004] The method of using the micro phase separation structure formed in a self-development target 
from a block copolymer as the simple pattern formation approach replaced with a lithography technique 
from such a background is reported. 

[0005] for example, P.Mansky ** - Appl.Phys.Lett., Vol.68, No.18, and p.2586-2588 It sets. The micro 
phase separation film of the sea-island type which consists of a block copolymer of polystyrene and 
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polyisoprene is formed on a substrate. Ozonate decomposed and removed polyisoprene, porous 
membrane was formed, the substrate was etched by having used this porous membrane as the mask, and 
how to form the pattern with which micro phase separation structure was imprinted by the substrate is 
reported, moreover, M.Park ** - Science, Vol.276, and 1401-1406 How to introduce osmium oxide into 
a polyisoprene phase according to gaseous phase reaction, raise etching resistance, and form [ sets and 
forms on a substrate the micro phase separation film of the sea-island type which consists of a block 
copolymer of polystyrene and polyisoprene, and ] a pattern by using as a mask the polyisoprene phase 
by which osmium oxide was doped selectively is reported. 

[0006] The approach using the micro phase separation structure of such a block copolymer is simple as 
compared with a lithography technique, and low cost. However, reaction time of ozonate is 
comparatively long to a complicated top, and it is difficult to raise a throughput. Moreover, since 
toxicity of osmium <8> oxide is strong, it is scarce from a viewpoint of safety to versatility. 
[0007] 

[Problem(s) to be Solved by the Invention] The object of this invention is excellent in the throughput of 
a process, and is to offer the pattern formation ingredient and the pattern formation approach of forming 
the flat- surface pattern and three-dimensional structure object of nanometer order with remarkable 
regularity very simple. 

[0008] The object of further others of this invention is to offer the approach that the separator of a 
magnetic-recording medium, a field emission display, a field emission cathode, and an electrochemistry 
eel and an electrode, the catalyst electrode for fuel cells, a filter, etc. can be manufactured simple, using 
the above ingredients. 
[0009] 

[Means for Solving the Problem] The pattern formation ingredient of this invention contains the block 
copolymer or graft copolymer which has two polymer chains whose ratios of the value (here, the carbon 
atomic number of a monomeric unit and No are [ N ] the oxygen atomic number of a monomeric unit for 
the total atomic number of a monomeric unit and Nc) of N/(Nc-No) of each monomeric unit are 1.4 or 
more. 

[0010] The block copolymer or graft copolymer which fulfills this condition has a ring content polymer 
chain and an acrylic polymer chain typically. 

[001 1] The pattern formation ingredient of this invention contains the block copolymer or graft 
copolymer which has a polysilane chain and a carbon system organic polymer chain. 
[0012] The pattern formation approach of this invention has the process which forms the Plastic solid 
which consists of a pattern formation ingredient mentioned above, the process which forms micro phase 
separation structure into said Plastic solid, and the process which carries out dry etching of said Plastic 
solid, removes one polymer phase from micro phase separation structure selectively, and forms a porous- 
structure object. 

[0013] The pattern formation approach of this invention by the process which forms on a substrate the 
film which consists of a pattern formation ingredient mentioned above, the process which forms micro 
phase separation structure into said film, and dry etching It has the process which removes one polymer 
phase from the micro phase separation structure formed into said film selectively, and the process which 
etches said substrate by using other polymer phases which remained as a mask, and imprints the pattern 
of micro phase separation structure to said substrate. [0014] The process at which the pattern formation 
approach of this invention forms the pattern transfer film on a substrate, The process which forms the 
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film with which a dry etching velocity ratio consists of a pattern formation ingredient containing the 
block copolymer or graft copolymer which has the polymer chain which is two which are 1.3 or more on 
said pattern transfer film, By the process which forms micro phase separation structure into said film, 
and dry etching The process which removes one polymer phase from the micro phase separation 
structure formed into said film selectively, The process which etches said pattern transfer film by using 
other polymer phases which remained as a mask, and imprints the pattern of micro phase separation 
structure on said pattern transfer film, It has the process which etches said substrate by using as a mask 
the pattern transfer film with which the pattern of micro phase separation structure was imprinted, and 
imprints the pattern of micro phase separation structure to said substrate. 

[0015] As pattern transfer film, that whose etching velocity ratio is 0.1 or more is used among the 
polymer chains which constitute a block copolymer or a graft copolymer as compared with a polymer 
chain with a slow etch rate. 

[0016] In the above approach, what has a ring content polymer chain and an acrylic polymer chain is 
desirable as a block copolymer or a graft copolymer. What is the polymer chain compounded when a 
ring content polymer chain specifically carried out the polymerization of at least one sort of monomers 
chosen from vinyl naphthalene, styrene, and these derivatives, and is the polymer chain compounded 
when an acrylic polymer chain carried out the polymerization of at least one sort of monomers chosen 
from an acrylic acid, a methacrylic acid, crotonic acids, and these derivatives is mentioned. 
[0017] Depending on an application, the molecular weight of an acrylic polymer chain is 100,000 or 
less, for example, the molecular weight distribution (Mw/Mn) of a copolymer are 1.20 or less, and that 
whose ratios of molecular weight are 75:25-90:10 is suitable for a ring content polymer chain and an 
acrylic polymer chain. Similarly, depending on an application, the molecular weight of a copolymer is 
50,000 or more, molecular weight distribution (Mw/Mn) are 1.15 or less, for example, and that whose 
ratios of molecular weight are 75:25-90:10 is suitable for a ring content polymer chain and an acrylic 
polymer chain. 

[0018] Other pattern formation ingredients of this invention contain the block copolymer or graft 
copolymer which has the polymer chain of difficulty resolvability to the polymer chain and energy line 
from which a principal chain is cut by the exposure of an energy line. 

[0019] An energy line is chosen from an electron ray, a gamma ray, and an X-ray, and an electron ray is 
used typically. The polymer chain from which a principal chain is cut by energy-line exposure is the 
acrylic chain or polysilane chain by which the alpha position was typically permuted with the methyl 
group or the halogen. 

[0020] The process which forms the Plastic solid with which the pattern formation approach of this 
invention consists of a pattern formation ingredient mentioned above, By the process which forms micro 
phase separation structure into said Plastic solid, the process which irradiates an energy line at said 
Plastic solid, and cuts the principal chain of one polymer phase in micro phase separation structure, and 
development or etching It has the process which forms the porous-structure object which removes 
selectively the polymer phase from which the principal chain was cut, and consists of other polymer 
phases which remained. 

[0021] The process which forms the film with which the pattern formation ingredient of this invention 
consists of a pattern formation ingredient mentioned above on the substrate, By the process which forms 
micro phase separation structure into said film, the process which irradiates an energy line at said film 
and cuts the principal chain of one polymer phase in micro phase separation structure, and etching It has 
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the process which removes selectively the polymer phase with which the principal chain was cut from 
micro phase separation structure, and the process which imprints the pattern of micro phase separation 
structure to said substrate by etching said substrate by using other polymer phases which remained as a 
mask. 

[0022] The process at which the pattern formation approach of this invention forms the pattern transfer 
film on a substrate, The process which forms the film which consists of a pattern formation ingredient 
mentioned above on said pattern transfer film, By the process which forms micro phase separation 
structure into said film, the process which irradiates an energy line at said film and cuts the principal 
chain of one polymer phase in micro phase separation structure, and etching The process which removes 
selectively the polymer phase with which the principal chain was cut from micro phase separation 
structure, The process which etches said pattern transfer film by using other polymer phases which 
remained as a mask, and imprints the pattern of micro phase separation structure on said pattern transfer 
film, It has the process which etches said substrate by using as a mask the pattern transfer film with 
which the pattern of micro phase separation structure was imprinted, and imprints the pattern of micro 
phase separation structure to said substrate. 

[0023] Also by this approach, that whose etching velocity ratio is 0.1 or more is used as pattern transfer 
film among the polymer chains which constitute a block copolymer or a graft copolymer as compared 
with a polymer chain with a slow etch rate. 

[0024] As a polymer chain from which a principal chain is cut by energy-line exposure, the poly alkyl 
methacrylate chain is suitable, for example. 

[0025] The molecular weight of the resolvability polymer chain from which a principal chain is cut by 
energy-line exposure depending on an application is 100,000 or less, the molecular weight distribution 
(Mw/Mn) of a copolymer are 1.20 or less, and that whose ratios of molecular weight are 75:25-90:10 is 
suitable for a difficulty resolvability polymer chain and a resolvability polymer chain. Similarly, 
depending on an application, the molecular weight of a copolymer is 50,000 or more, molecular weight 
distribution (Mw/Mn) are 1.15 or less, and that whose ratios of molecular weight are 75:25-90:10 is 
suitable for a difficulty resolvability polymer chain and a resolvability polymer chain. 
[0026] The pattern formation ingredient of further others of this invention is the following chemical 
formula [0027]. 
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[Formula 2] 

r'oco ocor 2 

[0028] (~ here, Rl and R2 show the permutation or the unsubstituted alkyl group, the aryl group, aralkyl 
radical, or alkoxyl group of carbon numbers 1-20 independently, respectively.) ~ the block copolymer or 
graft copolymer which has a polymer chain including the repeat unit expressed and a pyrolysis nature 
polymer chain is contained. 

[0029] Pyrolysis nature polymer chains are a polyethylene oxide chain and a polypropylene oxide chain 
typically. 

[0030] The process at which the pattern formation approach of this invention forms on a substrate the 
film which consists of a pattern formation ingredient containing the block copolymer or graft copolymer 
which has at least one pyrolysis nature polymer chain, The process which forms micro phase separation 
structure into said film, and by heating beyond pyrolysis temperature It has the process which removes a 
pyrolysis nature polymer phase from said micro phase separation structure, and the process which etches 
said substrate by using other polymer phases which remained as a mask, and imprints the pattern of 
micro phase separation structure to said substrate. 

[0031] The process at which the pattern formation approach of this invention forms the pattern transfer 
film on a substrate, The process which forms the film which consists of a pattern formation ingredient 
containing the block copolymer or graft copolymer which has at least one pyrolysis nature polymer 
chain on said pattern transfer film, The process which forms micro phase separation structure into said 
film, and by heating beyond pyrolysis temperature The process which removes a pyrolysis nature 
polymer phase from said micro phase separation structure, and the process which etches said pattern 
transfer film by using other polymer phases which remained as a mask, and imprints the pattern of micro 
phase separation structure on said pattern transfer film, It has the process which etches said substrate by 
using as a mask the pattern transfer film with which the pattern of micro phase separation structure was 
imprinted, and imprints the pattern of micro phase separation structure to said substrate. 
[0032] The pattern formation approach of this invention, or the manufacture approach of a porous- 
structure object The process which forms the Plastic solid which consists of a pattern formation 
ingredient containing the block copolymer or graft copolymer which has at least one pyrolysis nature 
polymer chain, The process which forms micro phase separation structure into said Plastic solid, and by 
heating beyond pyrolysis temperature It has the process which forms the porous-structure object which 
removes a pyrolysis nature polymer phase from said micro phase separation structure, and consists of 
other polymer phases which remained, and the process which fills up the hole of said porous-structure 
object with mineral matter. 

[0033] By the above-mentioned approach, a thin film is formed on a substrate as a Plastic solid of a 
pattern formation ingredient, sea island structure or cylinder structure is formed as micro phase 
separation structure, after filling up the hole of a porosity Plastic solid with mineral matter, a porosity 
Plastic solid can be removed and the pattern of the mineral matter of the shape of the shape of a dot and 
Mt. Tsurugi can also be formed on a substrate. 

[0034] What has other polymer chains chosen from the group which consists of the polymer chain 
chosen from the group which consists of a polysilane chain, a polysiloxane chain, a polyacrylonitrile 
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derivative chain, polyamide a polyimide chain, and a poly aniline derivative chain, for example as 
the block copolymer which constitutes the pattern formation ingredient using the difference of pyrolysis 
nature, or a graft copolymer, a polyethylene oxide chain and a polypropylene oxide chain, a polyacrylic 
acid derivative chain, a polymethacrylic acid derivative chain, and a Pori alpha-methyl-styrene chain is 
used. 

[0035] The pattern formation ingredient of this invention may contain the metallic element chosen from 
the group which consists of Cr, V, Nb, Ti, aluminum, Mo, Li, Lu, Rh, Pb, Pt, Au, and Ru as an additive. 
Moreover, the plasticizer, the antioxidant, or the photodegradation inhibitor may be contained as other 
additives. 

[0036] The electrochemistry eel of this invention has the separator with which it was prepared in inter- 
electrode [ these ], and impregnation of the electrolyte was carried out to one pair of electrodes, and 
consists of a porous-structure object formed by removing one polymer phase from the block copolymer 
in which said separator has micro phase separation structure, or a graft copolymer selectively. 
[0037] As for the porous-structure object which constitutes a separator, it is desirable to have a domain 
with a radius of gyration of 50 micrometers or less which the unit cell with a radius of gyration of 10- 
500nm arranged periodically, and to have the structure which the domain condensed. 
[0038] The electrochemistry eel of this invention has one pair of electrodes, and the electrolyte layer 
prepared in inter-electrode [ these ], and said some of electrodes [ at least ] consist of a porous-structure 
object formed by removing one polymer phase from the block copolymer which has micro phase 
separation structure, or a graft copolymer selectively. 

[0039] Although the electrode of the above-mentioned electrochemistry eel consists of a porous- 
structure object including the continuation hole which has a correlation distance in all of the radius of 
gyration of the cross section of a micro domain 2root3 times and 4 times as many as this that show a 
three-dimensional network and constitute a three-dimensional network, it is desirable. This electrode 
consists of the porosity carbon structure typically. 

[0040] The hollow filament filter of this invention consists of a porous- structure object formed by 
removing one polymer phase from the block copolymer which shows micro phase separation structure, 
or a graft copolymer selectively. 

[0041] As for the porous-structure object which constitutes a hollow filament filter, it is desirable to 
have a domain with a radius of gyration of 50 micrometers or less which the unit cell with a radius of 
gyration of 10-500nm arranged periodically, and to have the structure which the domain condensed. 
[0042] The manufacture approach of the porosity carbon structure of this invention has the process 
which prepares the micro emulsion which the colloidal particle which mixes the precursor, the 
surfactant, the water, and the oil of thermosetting resin, and contains the precursor of thermosetting resin 
distributed, the process which stiffen the precursor of the thermosetting resin which is unevenly 
distributed in said colloidal particle, the process which removes a surfactant, water, and an oil from said 
colloidal particle, and acquire the porous-structure object of a thermosetting-resin hardened material, 
and the process which calcinate and carbon-ize said porous-structure object. 

[0043] The polymer in which other pattern formation approaches of this invention wrapped the metal 
particle, The process which applies mixture with a block copolymer or a graft copolymer on a substrate, 
and forms the film, By the process which makes the core of one polymer phase of a block copolymer or 
a graft copolymer, or the interface of a polymer interphase segregate the metal particle which formed 
micro phase separation structure into said film, and was covered with the polymer, and etching It has the 
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process which the polymer phase which the metal particle segregated is removed [ process ] from said 
film selectively or extensively, and makes a metal particle remain. 

[0044] This approach is applicable suitable for a magnetic-recording medium by depositing the magnetic 
substance on the metal particle which remained. Moreover, this approach is applicable suitable for 
manufacture of a field emission display by depositing a conductor or a semi-conductor and forming an 
emitter on the metal particle which remained. 

[0045] The manufacture approach of the capacitor of this invention has the process which forms the film 
which consists of mixture with the polymer, the block copolymer, or the graft copolymer which wrapped 
in the metal particle, the process which makes the core of each polymer layer of lamella structure 
segregate the metal particle which was made to carry out micro phase separation of said film, formed 
lamella structure, and was covered with the polymer, and the process which is made to condense said 
metal particle and forms a metal layer in the core of each polymer layer of lamella structure. 
[0046] The block copolymer or graft copolymer in which the manufacture approach of the catalyst bed 
of the fuel cell of this invention wrapped the metal particle, The process which forms the film which 
consists of mixture with a block copolymer or a graft copolymer, The process which the interface of the 
polymer interphase which forms micro phase separation structure for the metal particle which formed 
micro phase separation structure into said film, and was covered with the polymer is made to segregate, 
It has the process which one polymer phase of said micro phase separation structure is removed 
[ process ] selectively, and makes a metal particle remain on the front face of other polymer phases 
which remained. 
[0047] 

[Embodiment of the Invention] Hereafter, this invention is further explained to a detail. After the 
principle of this invention forms and carries out micro phase separation of the film or bulk Plastic solid 
of a block copolymer or a graft copolymer, it removes one polymer phase selectively and is to form the 
porous membrane or the porous-structure object which has the pattern of nanometer order by this. The 
obtained porous membrane can be used as a mask for etching a substrate and imprinting a pattern. 
Moreover, a porous-structure object can also be used for various kinds of applications as it is, and can 
also be used as mold for forming other porous-structure objects. In this invention, in order to remove one 
polymer phase from micro phase separation structure selectively, the difference of the resolvability over 
the difference of a dry etching rate between two polymer phases and an energy line or the difference of 
pyrolysis nature is used. By any approach, since it is not necessary to use a lithography technique, a 
throughput is high and can reduce cost. 

[0048] First, a block copolymer or a graft copolymer is explained. A block copolymer means the straight 
chain copolymer which two or more homopolymer chains combined as a block, the A-B mold in which 
the example of representation of a block copolymer has the structure -(AA..AA)-(BB..BB)- which A 
polymer chain which has the repeat unit A, and B polymer chain which has Unit B repeatedly combined 
at the ends ~ a jib ~ it is a lock copolymer. The block copolymer which three or more sorts of polymer 
chains combined may be used. In the case of triblock copolymer, any of an A-B-A mold, a B-A-B mold, 
and an A-B-C mold are sufficient. The block copolymer of the star mold with which one sort or two or 
more sorts of polymer chains were prolonged in the radial from the core may be used. A block may use 
block copolymers, such as four or more n (A-B) molds or (A-B-A) n mold. A graft copolymer has the 
structure to which other polymer chains hung down from the principal chain of a certain polymer as a 
side chain. In a graft copolymer, some kinds of polymers can be hung on a side chain. Moreover, 
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combination of a block copolymer and a graft copolymer to which C polymer chain hung down from 
block copolymers, such as an A-B mold, an A-B-A mold, and a B-A-B mold, is sufficient. 
[0049] Since a block copolymer tends to obtain the narrow polymer of molecular weight distribution and 
also tends to control a presentation ratio as compared with a graft copolymer, it is desirable. In addition, 
although a block copolymer is explained below in many cases, the publication about a block copolymer 
is applicable also to a graft copolymer as it is. 

[0050] A block copolymer and a graft copolymer are compoundable by various polymerization methods. 
The most desirable approach is a living polymerization method. By the living anionic polymerization 
method or the living cationic polymerization method, a polymerization can be made to be able to start 
with the polymerization initiator which generates an anion or a cation for one sort of monomers, and a 
block copolymer can be compounded by adding other monomers on a target serially. As a monomer, 
cyclic ether monomers, such as a monomer which has double bonds, such as a vinyl compound and a 
butadiene, for example, and ethylene oxide, or an annular oligo siloxane monomer is used. A living 
radical polymerization method can also be used. Molecular weight and a copolymer ratio can be 
controlled by the living polymerization method to a precision, and the narrow block copolymer of a 
molecular weight distribution can be compounded by it. In case a living polymerization method is used, 
it is desirable to dry a solvent enough with desiccating agents, such as metallic sodium, and to prevent 
mixing of oxygen by approaches, such as bubbling, such as freeze drying and inert gas. As for a 
polymerization reaction, it is desirable to carry out under the application-of-pressure conditions of two 
or more atmospheric pressures preferably to the bottom of an inert gas air current. Since application-of- 
pressure conditions can prevent effectively mixing of the moisture from the outside of a reaction 
container, oxygen, etc. and can carry out a reaction process by low cost comparatively, they are 
desirable. 

[0051] A block copolymer or a graft copolymer is also compoundable by carrying out the 
polymerization of the monomer of other type by making the reaction of macromere, such as a telechelic 
polymer, or the molecule edge of macromere into a polymerization start point. Moreover, these reactions 
are advanced in the process which forms micro phase separation structure using the reactive processing 
method, and it is in. A block or a graft copolymer is also compoundable by situ. For example, it is in by 
mixing A polymer and B monomer into which a reactant end group or a reactant side chain radical was 
introduced, and carrying out the polymerization of the monomer by approaches, such as heating, an 
optical exposure, or catalyst addition, in the process which forms micro phase separation structure. The 
block or graft copolymer which consists of a polymer A and a polymer B by situ is compoundable. 
Moreover, it is in also by mixing two or more sorts of telechelic polymers which have a respectively 
complementary affinity radical in an end or a side chain. A block copolymer or a graft copolymer is 
generable by situ. 

[0052] Chemical association which connects polymer chains has the field of bond strength to desirable 
covalent bond, and it is more desirable especially that they are carbon-carbon bonding or carbon-silicon 
association. 

[0053] Since equipment and skill are required compared with a general radical polymerization method, 
the synthetic approach of the above block copolymers or a graft copolymer is mainly used on laboratory 
level, and industrial application is restricted very much from the cost side. However, in the field which 
manufactures the high product of added value like electronic industry, even if it uses a block copolymer 
and a graft copolymer, it is thought that sufficient cost effectiveness is acquired. 
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[0054] Unlike a random copolymer, a block copolymer and a graft copolymer can form the structure 
(micro phase separation structure) which the A phase which A polymer chain condensed, and the B 
phase which B polymer chain condensed separated spatially. In the phase separation (macro phase 
separation) obtained with a common polymer blend, since two sorts of polymer chains can dissociate 
thoroughly, it separates to two phases thoroughly eventually. Moreover, in macro phase separation, since 
the scale of generating of fluctuation is about 1 micrometer, the magnitude of a unit cell is 1 
micrometers or more. On the other hand, the magnitude of the unit cell in the micro phase separation 
structure acquired by the block copolymer or the graft copolymer does not become larger than the 
magnitude of a chain, but is several nm - dozens of nm order. Moreover, micro phase separation 
structure shows the gestalt which the detailed unit cell arranged very regularly. 

[0055] The various gestalten of micro phase separation structure are explained. Drawing 1 (A) and (B) 
are the atomic force microscope (AFM) photographs of a (Polystyrene PS)-polymethylmethacrylate 
(PMMA) block copolymer, and show the micro phase separation structure seen superficially. Dot 
structure or sea island structure, and (B) are called earthworm structure (worm-likestructure) for (A). 
Drawing 2 (A) - (D) is the mimetic diagram of the micro phase separation structure seen in three 
dimensions. (A) is called sea island structure and the phase of another side is spherically distributed in 
one phase. (B) was called cylinder structure and the phase of another side is regularly located in a line in 
the shape of a rod in one phase. (C) is called BAIKONTINYUASU structure. (D) is called lamella 
structure and the laminating of an A phase and the B phase is carried out regularly by turns. 
[0056] The micro phase separation structure of a block copolymer or a graft copolymer is producible by 
the following approaches. For example, a block copolymer or a graft copolymer is dissolved in a 
suitable solvent, and a spreading solution is prepared, and this spreading solution is applied on a 
substrate, it dries, and the film is formed. Good phase separation structure can be formed by annealing 
this film at the temperature more than the glass transition temperature of a polymer. After changing a 
copolymer into a melting condition and annealing and carrying out micro phase separation at the 
temperature below phase transition temperature more than glass transition temperature, micro phase 
separation structure may be fixed at a room temperature. Micro phase separation structure can also be 
formed by carrying out the cast of the solution of a copolymer slowly. After fusing a copolymer and 
fabricating in a desired configuration by approaches, such as hot pressing, the injection-molding method, 
and a transfer-molding method, it can anneal and micro phase separation structure can also be formed. 
[0057] According to Flory-Huggins's (Flory-Haggins) theory, mixed free-energy deltaG must just 
become [ A polymer and B polymer ] carrying out phase separation. When it is hard to dissolve A 
polymer and B polymer and the repulsive force of two polymer chains is strong, they are a lifting and a 
cone about phase separation. Moreover, there is a lower limit in molecular weight by the lifting or that 
of ** about micro phase separation, so that the polymerization degree of a block copolymer is large. 
However, the polymer of each phase which forms phase separation structure does not necessarily need 
to be immiscible to mutual. If the precursor polymer of these polymers is immiscible to mutual, micro 
phase separation structure can be formed. After forming phase separation structure using a precursor 
polymer, it can be made to be able to react by heating, an optical exposure, catalyst addition, etc., and 
can change into the target polymer. Under the present circumstances, if a reaction condition is chosen 
appropriately, the phase separation structure formed of the precursor polymer will not be destroyed. 
[0058] When the presentation ratio of A polymer and B polymer is 50:50, phase separation tends to 
happen. This means that the micro phase separation structure which is the easiest to form is lamella 
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structure. On the contrary, it may be difficult to make the presentation of one polymer very high and to 
form sea island structure including the small island which consists of a polymer of another side. 
Therefore, in order to acquire desired micro phase separation structure, the molecular weight of a block 
copolymer becomes an important factor. 

[0059] However, it is dramatically difficult to control the molecular weight of a block copolymer strictly 
and to carry out a polymerization. Then, a homopolymer may be blended and a presentation ratio may be 
adjusted so that the molecular weight of the compounded block copolymer may be measured and while 
may become a desired presentation ratio. The addition of a homopolymer is more preferably set below to 
10 weight sections below 50 weight sections below the 100 weight sections to the block-copolymer 100 
weight section. When there are too many additions of a homopolymer, there is a possibility of disturbing 
micro phase separation structure. 

[0060] Moreover, when a difference is too large to the solubility of two sorts of polymers which 
constitute a block copolymer, the phase separation of an A-B block copolymer and A homopolymer may 
happen. In order to avoid this phase separation as much as possible, it is desirable to lower the molecular 
weight of A homopolymer. This is for the negative value of the entropy term in Flory-Huggins's formula 
to become large, and to become easy to mix an A-B block copolymer and A homopolymer, when A 
homopolymer with small molecular weight is blended. Moreover, the one smaller than the molecular 
weight of A blocks in a block copolymer of the molecular weight of A homopolymer is 
thermodynamically stable. Considering thermodynamic stability, as for the molecular weight of A 
homopolymer, it is more desirable that it is smaller than two thirds of the molecular weight of A 
polymer which constitutes an A-B block copolymer. On the other hand, since there is a possibility of 
dissolving also in B polymer of an A-B block copolymer when the molecular weight of A homopolymer 
is less than 1000, it is not desirable. Moreover, when glass transition temperature is taken into 
consideration, as for the molecular weight of A homopolymer, it is more desirable that it is 3000 or 
more. 

[0061] In case the thin film which consists of a pattern formation ingredient of this invention is formed, 
it is desirable to apply a homogeneity solution. If a homogeneity solution is used, it can prevent the 
hysteresis at the time of film production remaining. Since the micell of comparatively big particle 
diameter etc. generates, irregular phase separation structure mixes into a solution that coating liquid is 
uneven, regular pattern formation is difficult or forming a regular pattern takes time amount, it is not 
desirable. 

[0062] As for the solvent which dissolves a block copolymer, it is desirable that it is a good solvent to 
two sorts of polymers which constitute a block copolymer. The repulsive force of polymer chains is 
proportional to the square of the difference of the solubility parameter of two sorts of polymer chains. 
Then, if the good solvent to two sorts of polymers is used, the difference of the solubility parameter of 
two sorts of polymer chains becomes small, and the free energy of a system will become small and will 
become advantageous to phase separation. 

[0063] When producing the thin film of a block copolymer, it is desirable to use the solvent which has a 
high-boiling point 150 degrees C or more so that a homogeneity solution can be prepared. When 
producing the bulk Plastic solid of a block copolymer, it is desirable to use low THF, a low toluene 
methylene chloride, etc. of the boiling point. 

[0064] Hereafter, the example of the pattern formation ingredient used in this invention is explained. 
First, the pattern formation ingredient with which the difference of a dry etching rate consists of the 
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block copolymer or graft copolymer containing two or more sorts of large polymer chains is explained. 
The pattern formation ingredient of this invention contains the block copolymer or graft copolymer 
which has two polymer chains whose ratios of the value (here, the carbon atomic number of a 
monomeric unit and No are [ N ] the oxygen atomic number of a monomeric unit for the total atomic 
number of a monomeric unit and Nc) of N/(Nc-No) of each monomeric unit are 1.4 or more. The 
requirements that the ratio of the value of N/(Nc-No) is 1.4 or more mean that the etch selectivity of 
each polymer chain which forms micro phase separation structure is large about two polymer chains. 
That is, if dry etching is carried out after carrying out micro phase separation of the pattern formation 
ingredient which satisfies the above-mentioned requirements, one polymer phase will be etched 
selectively and other polymer phases will remain. 

[0065] Hereafter, the parameter N/(Nc-No) is explained more to a detail. N is [ a carbon atomic number 
and No of the total of the atom of per a segment (equivalent to a monomeric unit) of a polymer and Nc ] 
oxygen atomic numbers. This parameter is an index which shows the dry etching resistance of a 
polymer, and the etch rate by dry etching becomes large, so that this value is large (dry etching 
resistance falls). That is, between etch rate Vetch and the above-mentioned parameter, it is Vetch* *N/ 
(Nc-No). 

There is relation to say. It hardly depends for this inclination on the class of various etching gas, such as 
Ar, 02, CF4, and H2, (J.Electrochem.Soc, 130, 143 (1983)). As etching gas, C2F6, CHF3, CH2F2, 
CF3Br, N2, NF3, C12, CC14, HBr, SF6, etc. can be used other than Ar, 02, CF4, and H2 which are 
indicated by the above-mentioned reference. In addition, this parameter and etching of inorganic 
substances, such as silicon, glass, and a metal, are unrelated to each other. 

[0066] A concrete parameter value is calculated with reference to the following chemical formula. Since 
the monomeric unit of polystyrene (PS) is C8H8, it is 16/(8-0) =2. Since the monomeric unit of 
polyisoprene (PI) is C5H8, it is 13/(5-0) =2.6. Since the monomeric unit of a polymethyl methacrylate 
(PMMA) is C502H8, it is 15/(5-2) =5. Therefore, in the block copolymer of PS-PMMA, it can expect 
that the etching resistance of PS is high and only PMMA is easy to be etched. For example, if CF4 is set 
as a sink, a pressure is set as O.Oltorr(s) by the flow rate of 30sccm(s) and reactive ion etching (RIE) is 
performed on condition that progressive wave 150W and reflected wave 30W**, it is checked that 
PMMA shows an about 4**0.3-time etch rate to PS. 
[0067] 
[Formula 3] 
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[0068] The relation between N/(Nc-No) value of various polymers, and a dry etching rate is shown in 
drawing 3 . The code currently used by drawing 3 shows the following polymers, respectively. SEL-N= 
(a Somer industrial company, trade name), a PMMA= polymethyl methacrylate, A COP= glycidyl 
methacrylate-ethyl acrylate copolymer, A CP-3= methacrylate-t-butyl methacrylate copolymer, PB= 
poly benzyl methacrylate, FBM= poly hexafluoro butyl methacrylate, FPM= poly fluoropropyl 
methacrylate, a PMIPK= poly methyl isopropenyl ketone, PS= polystyrene, CMS= chloromethylation 
polystyrene, PalphaMS= Pori alpha methyl styrene, PVN= polyvinyl naphthalene, a PVB= polyvinyl 
biphenyl, and CPB= ~ cyclization ~ it is polybutadiene. As shown in this drawing, it turns out that the 
relation Vetch* *N/(Nc-No) is realized. 

[0069] Since a carbonaceous ratio generally becomes high relatively including a ring as for the polymer 
with many double bonds, the value of the above-mentioned parameter becomes small. Like there being 
much carbon in a polymer (the above-mentioned parameter value being small), dry etching resistance 
improves and dry etching resistance falls like there being much oxygen (the above-mentioned parameter 
value being large) so that the above-mentioned parameter may show. This can be explained as follows 
qualitatively. The reactivity of carbon over a radical is small and is chemically stable. Therefore, the 
polymer with much carbon cannot react easily with various radicals, and its etching resistance improves. 
On the other hand, since its reactivity over a radical is high, when oxygen has much oxygen in a 
polymer, an etch rate is quick and etching resistance is low [ oxygen ]. If oxygen is furthermore 
contained in a polymer, it will be easy to generate an oxygen radical. For this reason, if the etching gas 
of fluorine systems, such as CF4, is used, for example, F radical increases according to an operation of 
an oxygen radical, and since the radical which participates in etching increases, an etch rate will 
increase. An acrylic polymer has high oxygen content, and since there are few double bonds, the value 
of the above-mentioned parameter becomes large and it becomes that it is easy to be etched. 
[0070] Therefore, the typical block copolymer with the large difference of a dry etching rate contains a 
ring content polymer chain and an acrylic polymer chain. The polymer chain compounded by carrying 
out the polymerization of at least one sort of monomers chosen from vinyl naphthalene, styrene, and 
these derivatives is contained in the example of a ring content polymer chain. The polymer chain 
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compounded by carrying out the polymerization of at least one sort of monomers chosen from an acrylic 
acid, a methacrylic acid, crotonic acids, and these derivatives is contained in the example of an acrylic 
polymer chain. 

[0071] With [ as mentioned above / the ratio of N/(Nc-No) parameter of A polymer chain which 
constitutes a pattern formation ingredient, and B polymer chain ] 1.4 [ or more ], a clear pattern is 
formed of etching. If this ratio is 1.5 or more and further 2 or more, since a big difference will arise in an 
etch rate with two sorts of polymer chains, the stability at the time of processing improves. Moreover, in 
case dry etching is carried out actually, as for the etch selectivity of two sorts of polymer chains, it is 
desirable that it is 1.3 or more, further 2 or more, and further 3 or more. A good pattern can be formed 
without with [ the ratio of N/(Nc-No) parameter of A polymer chain which constitutes a pattern 
formation ingredient, and B polymer chain ] 1.4 [ or more ], doping especially a metallic element or 
using the polymer chain with which the metallic element was introduced. It is dramatically useful to 
production of the various electron devices with which a metal impurity poses a problem not using a 
metallic element since patterning is possible also for **. 

[0072] When 02 etc. is used as etching gas, in order to raise etch selectivity, especially the thing for 
which a halogen content polymer chain is used as a polymer chain with low etching resistance, using a 
** silicon polymer chain as a polymer chain with high etching resistance is desirable. As a ** silicon 
polymer chain, ** silicon aromatic series polymer chains, such as Pori (p-trimethylsilyl styrene), are 
desirable. As a halogen content polymer chain, halogen content acrylic polymer chains, such as Pori 
(chloro ethyl methacrylate), are desirable. 

[0073] Other pattern formation ingredients with which the difference of a dry etching rate consists of the 
block copolymer or graft copolymer containing two or more sorts of large polymer chains are explained. 
The pattern formation ingredient of this invention contains the block copolymer or graft copolymer 
which has a polysilane chain and a carbon system organic polymer chain. 

[0074] The block copolymer which has a polysilane chain For example S.Demoustier-Champagne (Part 
A: Journal of Polymer Science: Polymer Chemistry, Vol.31, 2009-2014 (1993)) The copolymerization 
method of the polystyrene system macromere and dichlorosilane which are indicated, It is 
compoundable by the living polymerization method of the polysilane and methacrylic ester using mask 
TOJISHIREN which Sakurai and others (for example, collection [ of 76th spring annual convention / of 
the 1999 Chemical Society of Japan / lecture drafts ] I lecture number four B513) is indicating etc. etc. 
Polysilane is a silicon system polymer and dry etching tends to be carried out rather than a general 
carbon system polymer. 

[0075] The polysilane chain used for the pattern formation ingredient of this invention should just 
contain one of the repeat units shown in the following chemical formula at least in a part. 



[0077] Here, Rl, R2, R3, and R4 show the alkyl group which is not permuted [ the permutation of a 
carbon number 1-20 or ], an aryl group, or an aralkyl radical, respectively. 
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[0078] A homopolymer or a random copolymer is sufficient as polysilane, and the block copolymer 
which has the structure which two or more sorts of polysilane combined mutually through the oxygen 
atom, the nitrogen atom, the aliphatic series radical, and the aromatic series radical is sufficient as it. 
Pori (methylphenyl silane), Pori (diphenyl silane), Pori (methyl chloromethyl phenylsilane), Pori 
(dihexyl silane), Pori (propyl methylsilane), Pori (dibutyl silane), Pori (methylsilane), Pori 
(phenylsilane), these random, and a block copolymer are contained in the example of polysilane. The 
ring content polymer mentioned above is contained in the example of a carbon system polymer. 
[0079] Next, the pattern formation ingredient using the difference of the resolvability by the energy line 
of two or more sorts of polymer chains which constitute a block copolymer or a graft copolymer is 
explained. The pattern formation ingredient of this invention contains the block copolymer or graft 
copolymer which has the polymer chain of difficulty resolvability to the polymer chain and energy line 
from which a principal chain is cut by the exposure of an energy line. The polymer chain with which the 
principal chain was cut is removable by irradiating an energy line with volatilization by wet etching, 
such as solvent washing, or heat-treatment. For this reason, the detailed pattern and structure where 
micro phase separation structure was held without passing through a dry etching process can be formed. 
Even if it can use, the wet etching is [ being / cannot use a dry etching process depending on an 
electronic ingredient / what, and ] sometimes more desirable from the field of cost. Therefore, it 
becomes a big advantage not to use a dry etching process. 

[0080] Since two or more polymers have joined together by the chemical bond, even when one polymer 
chain shows high solubility to a developer, generally development is difficult for a block copolymer. 
However, if an electron ray is irradiated at the block copolymer of polystyrene (PS) and a polymethyl 
methacrylate (PMMA), for example, the principal chain of PMMA will be cut and only a PMMA phase 
will come to dissolve in a developer. As long as a developer is eluted selectively and can remove the 
disassembled polymer chain, it may not be limited especially but a drainage system solvent or an organic 
solvent is sufficient as it. In the case of PMMA, methyl isobutyl ketone (MIBK), ethyl lactate, an 
acetone, etc. are used. In order to adjust the solubility of a polymer, other solvents, such as isopropyl 
alcohol (IPA), may be mixed to a developer, and a surfactant etc. may be added. Sonication etc. may be 
used together in the case of development. Moreover, since the polymer chain after decomposition is low- 
molecular-weight-ized and volatilizes with heating, it is also easily removable. 
[0081] The principal chain of a polymer chain decomposes at least one sort of the polymer which 
constitutes a block copolymer or a graft copolymer by the exposure of energy lines, such as an electron 
ray, an X-ray, a gamma ray, and a heavy particle beam. When penetrating to the interior of a polymer 
Plastic solid, since and an electron ray, an X-ray, and a gamma ray can reduce process cost, they are 
desirable. [ an exposure facility ] [ comparatively ] Especially an electron ray and an X-ray are desirable, 
and an electron ray with the still higher decomposition effectiveness of the polymer chain by exposure is 
the most desirable. As a source of an electron ray, various electron ray accelerators, such as the 
Cockcroft WARUTON mold, a van DEGURAFU mold, a resonance transformer mold, an insulating 
core transformer mold or a linear model, the Dynamitron mold, and a RF mold, can be used. 
[0082] As a polymer chain disassembled with an energy line, what the methyl group has combined with 
alpha positions, such as polypropylene, a polyisobutylene, Pori alpha methyl styrene, polymethacrylic 
acid, polymethylmethacrylate, poly methacrylamide, and the poly methyl isopropenyl ketone, is 
mentioned. Moreover, the polymer chain by which the alpha position was permuted with the halogen has 
still higher principal chain resolvability. Moreover, since the polymer by which the ester of 
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methacrylate, such as poly trifluoromethyl methacrylate, poly trifluoromethyl-alpha-acrylate, poly 
trifluoroethylmethacrylate, poly trifluoroethyl-alpha-acrylate, and poly trichloroethyl-alpha-acrylate, 
was permuted with carbon fluoride and halocarbon has the still higher sensibility to an energy line, it is 
desirable. When an energy line is an X-ray, since decomposition effectiveness will improve if the 
metallic element is contained in the polymer, it is desirable. 

[0083] The principal chain of at least one sort of other polymer chains which constitute a block 
copolymer or a graft copolymer is difficulty resolvability to an energy line. The polymer which 
constructs a bridge by the exposure of an energy line is still more desirable. That whose alpha position 
of polymer chains, such as polyethylene, polystyrene, polyacrylic acid, polymethyl acrylate, 
polyacrylamide, and the poly methyl vinyl ketone, is hydrogen as a polymer chain of difficulty 
resolvability to an energy line is desirable. Moreover, the polymer chain which has double bonds, such 
as 1 which constructs a bridge with an energy line, and 2-polybutadiene, may be used. Furthermore, 
derivatives, such as poly norbornene and polycyclohexane, are sufficient. 

[0084] Also in an energy line, especially the electron ray is dramatically effective, not only a thin film 
but when exposing a bulk Plastic solid. An electron ray also decomposes the polymer inside bulk, when 
the plane 1 of the two phases is the methacrylate system polymer which a principal chain decomposes 
with an electron ray since the permeability over the organic substance is good for example. Therefore, if 
an electron ray is irradiated and is developed after forming three-dimension phase separation structure 
by the block copolymer or the graft copolymer, the hole where nanometer order is regular can be formed 
easily, with the three-dimensional structure held. Since specific surface area is dramatically large, the 
structure in which such a regular hole was formed can be used for a polymer battery or the separator of a 
capacitor, a hollow filament, etc. 

[0085] If ultraviolet rays are irradiated at polystyrene (PS) and the blend polymer of 
polymethylmethacrylate (PMMA), since the side-chain methyl group of PMMA will ****, it will 
become a carboxylic acid and a polarity will change, it is possible to remove only phase of one of the 
two by polar difference. However, even when it exposes with the light exposure of 1 J/cm2, using an 
ArF excimer laser (193nm) as the light source, about 1% of side-chain methyl group ****s. It is 
necessary to expose with the light exposure of about 3.4 J/cm2 with the low KrF excimer laser (248nm) 
of energy. Furthermore, by i line (365nm) or g line (436nm) which is the bright line of mercury, it is 
hardly desorbed from a side-chain methyl group. In a general semi-conductor resist, if light exposure is 
made into about two 10 mJ/cm when ArF or a KrF excimer laser is used, it is enough. If this is taken 
into consideration, the light exposure of the above-mentioned ultraviolet rays will be dramatically large, 
and will apply a burden to equipment remarkably. 

[0086] For removing only one polymer phase among the copolymers which two or more sorts of 
polymer chains have combined chemically, it is desirable to cut the principal chain. However, big 
energy is required as mentioned above at ultraviolet rays to disassemble a polymer principal chain, and it 
is easy to give a damage to the polymer chain of difficulty resolvability. For this reason, it is 
dramatically difficult to irradiate ultraviolet rays and to remove only one phase of a copolymer. 
Moreover, since the permeability of ultraviolet rays over a polymer is bad, they are unsuitable for the 
object which porosity-izes a bulk Plastic solid. A block copolymer including the structure which absorbs 
especially ultraviolet rays, such as a ring, has bad permeability. Furthermore, generally living 
polymerization etc. is difficult for the polymer chain disassembled into high sensitivity by ultraviolet 
rays, and control of molecular weight distribution or molecular weight is difficult for it. 
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[0087] On the other hand, as mentioned above, an electron ray, an X-ray, or a gamma ray has the high 
permeability to a Plastic solid, the selectivity of a decomposition reaction is high, and decomposition 
effectiveness is high, and since it is low cost, it excels dramatically. The electron ray which can be 
especially irradiated by low cost simple is the most desirable. 

[0088] although especially the dose of an electron ray is not restricted - lOOGy-lOMGy - further - 
lkGy- it is desirable to set it as 10kGy-200kGy especially 1 MGy. If there are few doses, a resolvability 
polymer chain will not fully decompose. When there are too many doses, there is a possibility of a 
possibility that the decomposition product of a resolvability polymer chain may carry out three- 
dimensions bridge formation, and may harden being, and also also disassembling the polymer chain of 
difficulty resolvability. 

[0089] Although the acceleration voltage of an electron ray changes with thickness of a polymer Plastic 
solid, with a lOnm - about dozens of micrometers film, 500kV - about 10MV is desirable in a film and a 
bulk Plastic solid (20kV - about 2MV and 100 micrometers or more). The metal-forming object etc. is 
included in the polymer Plastic solid, and when an electron ray is covered, acceleration voltage may be 
further made high. Two or more electron rays with which acceleration voltage differs may be irradiated. 
Moreover, acceleration voltage may be changed during the exposure of an electron ray. 
[0090] Next, the pattern formation ingredient which consists of the block copolymer or graft copolymer 
containing a pyrolysis nature polymer chain is explained. It is desirable to use what was compounded 
from the pyrolysis nature polymer chain and the heat-resistant polymer chain as such a block copolymer 
or a graft copolymer. 10 degrees C or more of 50 degrees C or more of differences of the pyrolysis 
temperature of a pyrolysis nature polymer chain and a heat-resistant polymer chain are 100 degrees C or 
more still more preferably preferably. Here, pyrolysis temperature expresses the temperature which 
weight reduces by half, when it heats for 30 minutes under one atmospheric pressure and an inert gas air 
current. 

[0091] A pyrolysis nature polymer chain has that desirable from which a principal chain is cut by 
heating. On the other hand, as for a heat-resistant polymer chain, it is desirable to consist of a polymer 
which glass transition temperature is beyond the pyrolysis temperature of a pyrolysis nature polymer, or 
starts crosslinking reaction or intramolecular ring closure below at the pyrolysis temperature of a 
pyrolysis nature polymer chain, and is converted into heat-resistant structures, such as the three- 
dimensions structure of cross linkage or ladder structure. 

[0092] Acrylic resin, such as polyethers, such as polyethylene oxide and polypropylene oxide, Pori alpha 
methyl styrene, polyacrylic ester, and polymethacrylic acid ester, the poly phthalaldehyde, etc. are 
contained in the example of a pyrolysis nature polymer chain. Especially since the narrow polymer chain 
of molecular weight distribution is obtained by living polymerization, polyethylene oxide, 
polypropylene oxide, alpha methyl styrene, acrylic resin, etc. are desirable. 

[0093] Polyacrylonitrile derivatives, such as a polyacrylonitrile and alpha-halogenation acrylonitrile, a 
polyamide acid, polyimide, the poly aniline derivative, a poly para-phenylene derivative, the poly 
cyclohexadiene derivative, polybutadiene, polyisoprene, etc. are contained in the example of a carbon 
system polymer chain among heat-resistant polymer chains. After carrying out micro phase separation of 
these polymer chains, it is desirable to heat and carry out non-deliquesce in air. Since it can carry out 
non-deliquesce [ of the polyvinylidene chloride ] by the suitable approach, it can use as a heat-resistant 
polymer chain. In order to promote non-deliquesce, a radical generating agent, a cross linking agent, etc. 
may be added. 
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[0094] Among these heat-resistant polymer chains, the polyacrylonitrile which can form a block 
copolymer with a comparatively narrow molecular weight distribution by anionic polymerization, a 
radical polymerization, etc., and the poly cyclohexadiene derivative are desirable. 
[0095] the block copolymer which has a polyacrylonitrile chain ~ for example, ~ T.Suzuki et al. 
(Polymer Journal, Vol.14, No. 6, 431-438 (1982)) It is compoundable by the approach. By this approach, 
a block copolymer is compounded by carrying out the polymerization of the acrylonitrile by making into 
a reaction initiator polyethers, such as polyethylene oxide which anion-ized end hydroxyl. The graft 
copolymer which has a polyacrylonitrile chain is compoundable with the radical copolymerization of 
macromere, such as polyethylene oxide which has methacrylic ester structure, styrene structure, etc. at 
the end, or polypropylene oxide, and acrylonitrile. If 200 degrees C or more of polyacrylonitrile chains 
are preferably heat-treated at the temperature of 400 degrees C or more, the ladder-like conductive 
polymer of a pyridine mold can be made to generate. 

[0096] The block copolymer which has the poly cyclohexadiene derivative chain is compoundable with 
living polymerization using a cyclohexadiene derivative monomer and other monomers which form a 
pyrolysis nature polymer chain. Furthermore, the poly cyclohexadiene derivative is converted into poly 
para-phenylene by heating. A cyclohexadiene derivative monomer and the poly cyclohexadiene 
derivative are shown in the following chemical formula. 
[0097] 
[Formula 5] 

Q 

R^OO OOCR 2 



R ! OCO OCOR 2 CrKMv— ) 

[0098] Here, Rl and R2 show the permutation or the unsubstituted alkyl group, the aryl group, aralkyl 
radical, or alkoxyl group of carbon numbers 1-20 independently, respectively. A methyl group, an ethyl 
group, an isopropyl group, t-butyl, a phenyl group, a methoxymethyl radical, a methoxyl group, etc. are 
contained in the example of Rl and R2. 

[0099] What has annular carbonate structure as shown with the following chemical formula as a poly 
cyclohexadiene derivative is suitable. 
[0100] 
[Formula 6] 




V 

0 

[0101] As shown in the above-mentioned chemical formula, since bridge formation tends to take place 
between adjoining polymer chains, the poly cyclohexadiene derivative chain which carried out the chain 
by the 1 or 4th place is the most desirable. However, the poly cyclohexadiene derivative chain which has 
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the structure which carried out the chain by the 1 or 2nd place, or the structure where the part which 
carried out the chain by the 1 or 2nd place, and the part which carried out the chain by the 1 or 4th place 
are intermingled can also be used. The combination of the heat-resistant polymer which consists of a 
poly cyclohexadiene derivative polymer chain, and the pyrolysis nature polymer chain chosen from a 
polyethylene oxide chain and a polypropylene oxide chain is desirable. 

[0102] The polymer chain which has the part which constructs a bridge with heating and forms the heat- 
resistant molecular structure into a side chain or a principal chain as a heat-resistant polymer chain can 
also be used. For example, what has a perylene frame can be suitably used for a side chain or a principal 
chain. Moreover, the polymer chain which has siloxane clusters, such as POSS (Polyhedral Oligomeric 
Silsesquioxane: poly siloxane T8 cube), may be used for a side chain or a principal chain. For example, 
the polymer chain compounded from methacrylate T8 cube as shown in the following chemical formula 
is desirable. 
[0103] 
[Formula 7] 



0 




[0104] Here, R shows H, a permutation or an unsubstituted alkyl group, an aryl group, and an aralkyl 
radical. The examples of R are a methyl group, an ethyl group, butyl, an isopropyl group, a phenyl 
group, etc. 

[0105] The three-dimensions bridge formation of a side chain or the principal chain may be made to 
carry out mutually using the polybutadiene or polyisoprene which carried out the polymerization of the 
conjugated diene monomer as a heat-resistant polymer chain. As such a cross-linking polymer, 1 and 2- 
polybutadiene is used most suitably. The copolymer containing a polybutadiene chain may contain 1 and 
4-polybutadiene unit other than 1 and 2-polybutadiene unit a little. However, since the polybutadiene 
unit of 1 and 4- is inferior to cross-linking, it is desirable that they are 10% or less of a monomer unit in 
a polybutadiene chain and 5 more% or less. 

[0106] The block copolymer or graft copolymer which has a polybutadiene chain or a polyisoprene 
chain as a cross-linking polymer chain, and has a polyethylene oxide chain or a polypropylene oxide 
chain as a pyrolysis nature polymer chain is desirable. 

[0107] These cross-linking polymer chains carry out three-dimensions bridge formation mutually by 
adding a radical generating agent or a cross linking agent. Cross-linking polymer chains, such as 
polybutadiene, are hydrophobicity, and a polyethylene oxide chain is a hydrophilic property. For this 
reason, to the phase of a cross-linking polymer chain, since compatibility is high, a hydrophobic high 
radical generating agent and a cross linking agent are comparatively desirable. 
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[0108] A radical generating agent is organic peroxide typically. The example of organic peroxide 
Methyl-ethyl-ketone peroxide, cyclohexanone peroxide, Methylcyclohexanone peroxide, methyl 
acetoacetate peroxide, Ketone peroxide, such as acetylacetone peroxide; 1 and 1 -screw (t-hexyl peroxy) 
- 3, 3, 5-trimethylcyclohexane, 1 and l-bis(t-hexyl peroxy) cyclohexane, 1, and 1 -screw (tert-butyl 
peroxide) - 3, 3, 5-trimethylcyclohexane, A G tert-butyl peroxide-2-methylcyclohexane, 1, and l-bis(tert- 
butyl peroxide) cyclohexane, 1 and 1 -bis (tert-butyl peroxide) cyclo dodecane, 2, and 2-bis(tert-butyl 
peroxide) butane, Peroxy ketal;p-menthonaphtene hydro peroxide, such as an n-butyl -4, 4-bis(tert-butyl 
peroxide) valerate, 2, and 2-bis(4 and 4-G t-butylperoxycyclohexyl) propane, Diisopropylbenzene hydro 
peroxide, 1, 1 and 3, 3-tetramethyl BUCHIRUHAIDORO peroxide, Cumene hydro peroxide, t-hexyl 
hydro peroxide, Hydro peroxide ;alpha, such as t-butyl hydro peroxide, alpha'-bis(tert-butyl peroxide) 
diisopropylbenzene, JIKUMIRU peroxide, 2, the 5-dimethyl -2, a 5 -bis (tert-butyl peroxide) hexane, 
Dialkyl peroxide, such as t-butyl cumyl peroxide, G t-butyl peroxide, 2, the 5-dimethyl -2, and 5-bis(tert- 
butyl peroxide) hexyne; Isobutyryl peroxide, 3,5,5-trimethylhexanoyl peroxide, octanoyl peroxide, 
Lauroyl peroxide, stearoyl peroxide, SUKUSHI nick acid peroxide, Diacyl peroxide, such as m-toluoyl 
and benzoyl peroxide, and benzoyl peroxide; Di-n-propyl peroxi dicarbonate, Diisopropyl peroxi 
dicarbonate, bis(4-t-butyl cyclohexyl) peroxi dicarbonate, Di-2-ethoxyethylperoxydicarbonate, di-2- 
ethylhexylperoxycarbonate, Peroxy carbonate; alpha, such as di-3-methoxybutyl peroxydicarbonate and 
JI (3-methyl-3-methoxy butyl) peroxi dicarbonate, alpha'-bis(neo decanoyl peroxy) diisopropylbenzene, 
cumil peroxy neodecanoate, 1, 1, 3, and 3-tetramethyl butylperoxy NEODO decanoate, 1 -cyclohexyl- 1- 
methylethyl peroxy neo decanoate, T-hexylperoxy neodecanoate, t-butylperoxy neodecanoate, t-hexyl 
peroxy pivalate, t-butylperoxy perpivalate, 1,1,3, and 3-tetramethyl butylperoxy 2-ethylhexanoate, 2, 
the 5-dimethyl -2, a 5-bis(2-ethylhexanoyl peroxy) hexane, 1 -cyclohexyl- 1-methylethyl peroxy-2- 
ethylhexanoate, t-hexyl peroxy 2-ethylhexanoate, tert-butyl peroxide 2-ethylhexanoate, T-buthylperoxy 
isobuthylate, t-hexyl peroxy isopropyl MONOKABONETO, t-butyl PAOKISHIME rake acid, tert-butyl 
peroxide 3, 5, and 5-trimethyl hexanoate, T-butyl peroxy laurate, 2, the 5-dimethyl -2, a 5-bis(m-toluyl 
peroxy) hexane, Tert-butyl peroxide isopropyl mono-carbonate, tert-butyl peroxide 2-ethylhexyl mono- 
carbonate, t-hexyl peroxy benzoate, 2, the 5-dimethyl -2, a S-bis(benzoylperoxy) hexane, T-butyl 
peroxyacetate, tert-butyl peroxide-m-toluyl benzoate, Peroxy ester;t-BUCHIRUPAOKI sialyl mono- 
carbonate, such as t-butyl peroxybenzoate and bis (tert-butyl peroxide) isophthalate, t-butyl trimethylsilyl 
peroxide, 3, 3', 4, a 4'-tetrakis (t-butyl par oxycarbonyl) benzophenone, 2 and the 3-dimethyl -2, 3- 
diphenyl butane, etc. are included. Polyfunctional radical generating agents, such as 4 and a 4'-tetrapod 
(t-butyl par oxycarbonyl) benzophenone, are desirable in order to act also as a cross linking agent, a 2 
and 2-bis(4 and 4-G t-butylperoxycyclohexyl) propane, 3, 3', and. Moreover, radical generating agents 
other than peroxides, such as azobisisobutyronitril, may be used. 

[0109] As for the addition of a radical generating agent, it is desirable that they are 0.1 - 20 % of the 
weight and further 1 - 5 % of the weight to a cross-linking polymer chain. If there are too few radical 
generating agents, crosslinking density will become small, if many [ too ], a bridge formation object will 
become porosity or micro phase separation structure will be confused. 

[0110] When adding a radical generating agent to the copolymer containing a cross-linking polymer 
chain, after formation of micro phase separation structure fully advances, it is desirable that crosslinking 
reaction starts. Formation of micro phase separation structure advances above the glass transition 
temperature of each polymer chain of a copolymer. For this reason, it is desirable that the glass transition 
temperature of a polymer chain is lower than the radical generating temperature of a radical generating 
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agent enough. 

[0111] A 2 and 2-bis(4 and 4-G t-butylperoxycyclohexyl) propane or 3, 3', and 4 and the constituent 
which added the 4 -tetrapod (t-butyl par oxycarbonyl) benzophenone one to 5% of the weight to 1 and 2- 
polybutadiene chain are desirable to a block copolymer with this viewpoint to 1 and 2-polybutadiene 
chain, a polyethylene oxide chain, or a polypropylene oxide chain. The glass transition temperature of 
about 20 degrees C, polyethylene oxide, and polypropylene oxide of the glass transition temperature of 1 
and 2-polybutadiene is 0 degree C or less. A 2 and 2-bis(4 and 4-G t-butylperoxycyclohexyl) propane 
and 3, 3 f , and when temperature up of 4 and the 4'-tetrapod (t-butyl par oxycarbonyl) benzophenone is 
carried out at 4 degrees C/m, the pyrolysis temperature of each radical generating agent is 139 degrees C 
and 125 degrees C. 

[0112] The above-mentioned constituent is heated at about 50 degrees C from a room temperature, 
micro phase separation structure is formed and it heats gradually to the pyrolysis temperature of a 
radical generating agent, and a bridge can be constructed and a cross-linking polymer chain can be 
stiffened. However, when temperature is made high too much, before sufficient bridge formation is 
performed, order-disorderly transition temperature is reached, and there is a possibility that uniform melt 
may arise. In this case, since 3, 3', 4, and a 4 -tetrapod (t-butyl par oxycarbonyl) benzophenone generate 
a radical also by UV irradiation, they can be made to construct a bridge at low temperature, and they are 
convenient. 

[0113] The block copolymer which consists of a polybutadiene chain and alpha-methyl acrylic polymer 
chains, such as polymethylmethacrylate, may be used. For example, they are a 2 and 2-bis(4 and 4-G t- 
butylperoxycyclohexyl) propane or 3, 3', and the constituent that added 4 and a 4 -tetrapod (t-butyl par 
oxycarbonyl) benzophenone one to 5% of the weight to 1 and 2-polybutadiene chain at the block 
copolymer of 1 and 2-polybutadiene chain and a polymethylmethacrylate chain. Although 
polymethylmethacrylate has 105 degrees C and a comparatively high glass transition temperature, if an 
electron ray is irradiated, in order to decompose, low-temperature annealing comparatively also becomes 
easy to volatilize. That is, in polymethylmethacrylate, the pyrolysis facilitatory effect by electron beam 
irradiation is acquired. 

[0114] Moreover, if a solvent is slowly evaporated from the block-copolymer solution of a 
polybutadiene chain and a polymethylmethacrylate chain and a thick film is formed, micro phase 
separation structure good without annealing can be formed. In this case, if a solvent is evaporated at 
temperature lower enough than the pyrolysis temperature of a radical generating agent, formation of 
micro phase separation structure will not be checked by progress of bridge formation of a cross-linking 
polymer chain. This approach produces thick porous membrane, and when it is filled up with a metal 
etc. in this hole and manufactures the nano structure, it can be especially used for it suitably. Even if it 
uses Pori alpha methyl styrene, the same effectiveness as polymethylmethacrylate is acquired. 
[0115] Polymethacrylate and Pori alpha methyl styrene can adjust glass transition temperature also by 
the substituent. For example, the glass transition temperature of Pori n-propyl methacrylate and the Pori 
n-butyl methacrylate is 35 degrees C and 25 degrees C, respectively. For this reason, annealing in low 
temperature is possible for the copolymer containing these polymer chains, and it can form good micro 
phase separation structure. Glass transition temperature also with the low Pori alpha methyl styrene by 
which the 4th place was butyl-ized is shown. Although the polymethacrylate permuted by the alkyl 
group with many carbon numbers from six pieces shows a still lower glass transition temperature, if an 
electron ray is irradiated, it will lifting-come to be easy of crosslinking reaction. Since Pori n-propyl 
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methacrylate, the Pori n-butyl methacrylate, and Pori s-butyl methacrylate have a pyrolysis facilitatory 
effect by a low glass transition temperature and electron beam irradiation, they are desirable. The 
polymethacrylate permuted by branching alkyl group like a 2-ethylhexyl radical has an expensive 
monomer, although there are many carbon numbers of a substituent and the pyrolysis facilitatory effect 
by electron beam irradiation is acquired. When acquisition carries out and it takes into consideration also 
easy, the Pori n-butyl methacrylate and Pori s-butyl methacrylate are the most desirable. 
[01 16] A polyisobutylene, polypropylene, etc. can also be used as a polymer chain having the pyrolysis 
facilitatory effect by a low glass transition temperature and electron beam irradiation. 
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0117] In order to acquire a pyrolysis facilitatory effect, when irradiating an electron ray, in order for 1 
and 2-polybutadiene chain to construct a bridge also with an electron ray, they may decrease in number 
and do not need to add the amount of a radical generating agent at all. Although it is not necessary to 
necessarily use a copolymer with a low glass transition temperature when not adding a radical 
generating agent, there is an inclination for crosslinking density to fall. Therefore, it is desirable to add a 
cross linking agent in this case. 

[0118] Bismaleimide, polyfunctional acrylate, polyfunctional methacrylate, a polyfunctional vinyl 
compound, the silicon compound that has Si-H association are contained in the example of a cross 
linking agent. Especially bismaleimide is excellent in respect of thermal resistance. - bis[4-(paraamino 
phenoxy) phenyl] propane, and bis(4-maleimide phenyl) methane, bis(4-maleimide phenyl) ether, 2, and 
2 '2, 2' bis[ - ] [4-(paraamino phenoxy) phenyl] hexafluoropropane etc. is contained in the example of 
bismaleimide. As for the addition of a cross linking agent, it is desirable that they are 0.1 - 100 % of the 
weight and further 1 - 20 % of the weight to a cross-linking polymer chain. If many [ when there are too 
few cross linking agents, crosslinking density is small, and / too ], micro phase separation structure will 
turbulence-come to be easy. 

[0119] The bridge formation object of 1 and 2-polybutadiene is excellent in electrical characteristics, 
such as thermal resistance and insulation, moisture resistance, and a mechanical property. For this 
reason, the copolymer which consists of 1, 2-polybutadiene chain and a polyethylene oxide chain, a 
polypropylene oxide chain, or a polymethylmethacrylate chain, and the constituent containing a radical 
generating agent are suitable for producing the film for pattern formation, or a porous-structure object. 
The porous material which consists of bridge formation polybutadiene can be used for various filters 
etc., and is dramatically useful. 

[0120] A polysilane chain may be used as a precursor of a heat-resistant polymer chain. The chemical 
formula of polysilane, an example, and a synthetic approach are as having mentioned already. A 
polysilane chain is photooxidized by irradiating ultraviolet rays in air or an oxygen content ambient 
atmosphere. Consequently, the radical edge of reactivity or cross-linking generates by desorption of a 
side chain etc., or the cleavage of a principal chain, generation of siloxane association by insertion of 
oxygen, etc. take place. If it calcinates after photooxidation, the crosslinking reaction which made 
siloxane association the subject will occur, and it will be changed into the structure of Si02 
resemblance. Moreover, a polysilane chain and a polycarbosilane chain will be changed into silicon 
carbide (SiC) if ultraviolet rays are irradiated and calcinated under anoxia or a hypoxia ambient 
atmosphere. Formed Si02 or SiC shows high thermal resistance. 

[0121] The example of a desirable polysilane chain has an aromatic substitution radical and an alkyl 
group. Such polysilane has the repeat unit shown in the following chemical formula. 
[0122] 
[Formula 8] 



R 1 




[0123] Here, Rl expresses the aromatic substitution radical which is not permuted [ the permutation of 
carbon numbers 6-20, or ], and its a phenyl group is the most desirable. R2 expresses the alkyl group 
which is not permuted [ the permutation of carbon numbers 1-6, or ], and its a methyl group is the most 
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desirable. A phenyl group ****s by UV irradiation and Pori (methylphenyl silane) is especially desirable 
a lifting and cone sake in crosslinking reaction. 

[0124] It is desirable to use the block copolymer which consists of a poly silane chain, a polyethylene 
oxide chain, or a polypropylene oxide chain. After carrying out the spin coat of such a block copolymer 
on a substrate, forming the film and forming phase separation structure, it exposes by ultraviolet rays, it 
heats if needed, and crosslinking reaction is advanced. Furthermore it heats, and a pyrolysis nature 
polymer chain is pyrolyzed and removed. Consequently, Si02 prototype or the pattern of SiC with 
which phase separation structure was imprinted is formed. Etching processing, plating, etc. of a substrate 
can be performed good by using this pattern as a mask. 

[0125] Additives, for example, fullerene, such as a sensitizer, a radical generating agent, and an acid 
generator, 3 and 3', 4, a 4'-tetrakis (t-butyl par oxycarbonyl) benzophenone, etc. may be added to the 
copolymer containing a polysilane chain if needed. 

[0126] A polysiloxane chain may be used as a precursor of a heat-resistant polymer chain. A 
polysiloxane chain can make molecular weight distribution small by the living polymerization of an 
annular oligo siloxane. If the polysiloxane chain which has an alkoxyl group in a side chain is heated 
under existence of an acid catalyst, with desorption of an alkoxyl group, it will generate siloxane 
association, will carry out three-dimensions bridge formation, and thermal resistance and its mechanical 
strength will improve. 

[0127] The polysilane chain and polysiloxane chain which have hydroxyl or an alkoxyl group in a side 
chain are changed into Si02 and Si02 allied substances by calcinating. Such polysilane and a 
polysiloxane have a repeat unit as shown for example, in the following chemical formula. 
[0128] 
[Formula 9] 



OR 



-HH- + 

OR 2 



OR 1 
OR 



OR 1 
R 2 



OR 
I 

-Si— O- 



R 



[0129] Here, Rl and R2 show the permutation of a hydrogen atom and carbon numbers 1-20 or an 
unsubstituted alkyl group, an aryl group, and an aralkyl radical independently, respectively. Examples 
are polysiloxanes, such as polysilane, such as Pori (G i-propoxysilane) and Pori (G t-butoxy silane), Pori 
(G i-propoxy siloxane), and Pori (G t-butoxy siloxane), etc. 

[0130] If the block copolymer or graft copolymer which consists of a pyrolysis nature polymer chain 
like these polysilane chains or a polysiloxane chain, a polyethylene oxide chain, or a polypropylene 
oxide chain is calcinated, the porous-structure object which consists of Si02 allied substances with 
which micro phase separation structure was imprinted can be formed. Such porous membrane functions 
good as a mask. Moreover, it is applicable to various function part material, such as a magnetic- 
recording medium and an electrode material, by filling up the hole of a porous-structure object with 
mineral matter, such as a metal. 
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[0131] A poly amide acid may be used as a heat-resistant polymer chain. If a poly amide acid and an end 
amino-group polymer are mixed, a carboxyl group and the amino group will form a salt and the graft 
copolymer to which the end amino-group polymer hung down from the polyamide acid principal chain 
will be formed. The Kapton precursor etc. can be used as a polyamide acid. As an end amino-group 
polymer, the polyethylene oxide which has a methoxyl group or a diphenyl methoxyl group as amino 
propoxyl or dimethylamino propoxyl, and an end group of another side as one end group, polypropylene 
oxide, polymethylmethacrylate, etc. can be used. It is desirable in order to carry out phase separation 
especially of the copolymer which consists of a polyamide acid and end amino-group polypropylene 
oxide good. In this case, the magnitude of the domain of micro phase separation structure is controllable 
by changing each molecular weight of a polyamide acid and an end amino-group polymer. Moreover, 
the gestalt of micro phase separation can also be easily changed by changing the mixing ratio of a 
polyamide acid and an end amino-group polymer. 

[0132] A polyacrylonitrile chain + polyethylene oxide chain, polyacrylonitrile chain + polypropylene 
oxide chain, polymethylphenylsilane chain + polystyrene chain, polymethylphenylsilane chain + Pori 
alpha-methyl- styrene chain, and polymethylphenylsilane chain + poly methyl methacrylate, a 
polymethylphenylsilane chain + polyethylene oxide chain, a polymethylphenylsilane chain + 
polypropylene oxide chain, etc. are contained in the example of a suitable combination of the heat- 
resistant polymer chain and pyrolysis nature polymer chain which were described above. 
[0133] The heat-resistant matter may be made unevenly distributed in one polymer phase of the block 
copolymer which consists of a hydrophilic polymer chain and a hydrophobic polymer chain, or a graft 
copolymer. As heat-resistant matter, the inorganic thermal-resistance matter, its precursor, or 
thermosetting resin is used. In this case, all the polymer chains that constitute a copolymer may be 
pyrolysis nature. For example, although both polymer chains of the block copolymer which consists of a 
polyethylene oxide chain and a polypropylene oxide chain are pyrolysis nature, polyethylene oxide is a 
hydrophilic property and polypropylene oxide is hydrophobicity. When it mixes to a block copolymer, it 
is tended to be unevenly distributed in the polyethylene oxide phase which is a hydrophilic property of 
the inorganic thermal-resistance matter or thermosetting resin. If it heats, and a block copolymer is 
pyrolyzed and is volatilized after carrying out micro phase separation of this mixture, the inorganic 
thermal-resistance matter with which micro phase separation structure was imprinted, or the porosity 
pattern of thermosetting resin will be formed. When this porosity pattern is used as a mask, good etch 
selectivity is obtained. Moreover, good endurance will be acquired, if the hole of a porous-structure 
object is filled up with a metal etc. and it uses for a magnetic-recording medium, an electrode, etc. 
[0134] Metallic-oxide gel, a metal alkoxide polymer, a metallic-oxide precursor, a metal nitride 
precursor, a metallic oxide, a metal particle, a metal salt, and a metal complex are contained in the 
example of the inorganic thermal-resistance matter or its precursor. Silicon, titanium, aluminum, a 
zirconium, a tungsten, vanadium, etc. are contained in a metaled example. Metallic-oxide gel can be 
obtained by hydrolyzing a metal alkoxide. Alkyl alkoxysilane, such as alkoxysilane, such as a 
tetramethoxy silane, a tetra-ethoxy silane, tetra-isopropoxysilane, tetra-isopropoxy aluminum, and 
tetraisopropoxy titanium, epoxybutyltriethoxysilane, and pro PIRUTORI ethoxy aluminum, is contained 
in the example of a metal alkoxide. A poly diethoxy siloxane etc. is contained in the example of a metal 
alkoxide polymer. T resin, such as poly silsesquioxane and poly HEDORARUORIGOME rucksack 
silsesquioxane (POSS), polysilazane, etc. are contained in the example of a metallic-oxide precursor or a 
metal nitride precursor. 
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[0135] However, metallic-oxide gel is inferior to storage stability. Moreover, if the degree of cross 
linking of metallic-oxide gel is too high, formation of the micro phase separation structure of a 
copolymer will be checked. For this reason, after applying on a substrate the solution which mixed 
metallic-oxide gel precursors, such as a low-molecular metal alkoxide or an organic metal salt, to the 
copolymer, forming the film and forming micro phase separation structure, it is desirable to make the 
catalyst of an acid etc. act and to make it convert to metallic-oxide gel. 

[0136] Moreover, it is desirable to use poly silsesquioxane, T resin, or polysilazane. Since especially T 
resin can control a bridge formation cure rate by the catalyst, it does not check formation of micro phase 
separation structure. After micro phase separation structure is formed, according to a catalyst, mutually, 
three-dimensions bridge formation can be carried out and T resin can be hardened. The example of T 
resin is shown in the following chemical formula. 
[0137] 

[Formula 10] 



[0138] Here, R1-R8 show the permutation of a hydrogen atom, a halogen atom, hydroxyl, a thiol group, 
an alkoxyl group, a SHIRIROKISHIRU radical, and carbon numbers 1-20 or an unsubstituted alkyl 
group, an alkenyl radical, an alkynyl group, an aryl group, and an aralkyl radical independently, 
respectively. As T resin being concrete, the thing Rl -whose R8 are a hydrogen atom, a methyl group, a 
hexyl group, a vinyl group, or a dimethyl SHIRIROKISHIRU radical, or the thing a cyclopentylic group 
and whose R8 R1-R7 are a hydrogen atom, hydroxyl, an allyl group, 3-chloropropyl radical, or 4-vinyl 
phenyl group is mentioned. 

[0139] Poly methyl silsesquioxane, poly methyl-hydronalium silsesquioxane, polyphenyl silsesquioxane, 
polyphenyl-methyl silsesquioxane, polyphenyl-polypropylene pill silsesquioxane, polyphenyl- vinyl 
silsesquioxane, poly cyclohexyl silsesquioxane, poly cyclopentyl silsesquioxane, and poly cyclohexyl 
silsesquioxane T8 cube, Pori (2-chloro ethyl) silsesquioxane, etc. are contained in the example of poly 
silsesquioxane. 

[0140] Pori (2-BUROMO ethyl) silsesquioxane can also be made to construct a bridge by UV exposure 
although crosslinking reaction advances also at low temperature. For this reason, after the glass 
transition temperature of a polysiloxane system forms micro phase separation structure using a low 
copolymer, UV exposure can be carried out and it can be made to harden. Poly hydronalium 
silsesquioxane, polyphenyl silsesquioxane, Pori t-butoxy silsesquioxane, etc. can be used like the above. 
[0141] After mixing silsesquioxane to a copolymer and forming micro phase separation structure, a 




R3 



\ 



R2 
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curing catalyst can be made to be able to act and bridge formation hardening can be carried out. As a 
curing catalyst, dibutyltin diacetate, zinc acetate, 2-ethylhexanoic acid zinc, etc. are used. As for a curing 
catalyst, it is desirable to add in 0.1 - 0.5% of the weight of the range to silsesquioxane. After mixing 
silsesquioxane with a copolymer and forming micro phase separation structure, bridge formation 
hardening may be carried out by hydrochloric acid gas or the solution of hydrochloric acid. 
[0142] Furan resin, such as a polyamide acid, an epoxy resin, polyamide resin, polysulfide resin, 
formaldehyde resin, phenol-formaldehyde resin, resorcinol-formaldehyde resins, and furfuryl alcohol 
resin, melamine resin, aniline resin, toluenesulfonic acid amide resin, isocyanate resin, alkyd resin, 
furfural resin, polyurethane, resorcinol resin, the poly carbodiimide, a poly para-phenylene vinylene 
precursor polymer, etc. are contained in the example of thermosetting resin. Since it is easily removable 
with ashing etc. after preservation stability uses thermosetting resin for a good top as a mask, it is 
desirable. Furan resin, such as a polyamide acid, formaldehyde resin, phenol-formaldehyde resin, 
resorcinol-formaldehyde resins, and furfuryl alcohol resin, melamine resin, etc. are desirable especially, 
and a polyamide acid is the most desirable. 

[0143] Polyethylene oxide, Pori (hydroxyethyl methacrylate), polyacrylic acid, polymethacrylic acid and 
these carboxylate, the polyvinyl pyridine chlorinated the fourth class, polyvinyl alcohol, Pori 
(hydroxystyrene), etc. are included in the example of the hydrophilic polymer chain which constitutes a 
block copolymer. Especially, polyethylene oxide, Pori (hydroxyethyl methacrylate), polyacrylic acid, 
and polymethacrylic acid are desirable. 

[0144] Polypropylene oxide, polystyrene, Pori alpha methyl styrene, polymethacrylate, polybutadiene, 
polyisoprene, a polysiloxane, a fluorine content polymer, etc. are contained in the example of the 
hydrophobic polymer chain which constitutes a block copolymer. Before the heat-resistant matter 
hardens these polymer chains, glass transition temperature is low [ polymer chains ] so that phase 
separation structure can be formed, and it is desirable that it is pyrolysis nature. Polysiloxanes, such as 
polypropylene oxide which can be especially pyrolyzed at low temperature, Pori alpha methyl styrene, 
polymethacrylic acid ester, and poly dimethylsiloxane with a low glass transition temperature, etc. are 
desirable, and polypropylene oxide and poly dimethylsiloxane are the most desirable. 
[0145] For an example with a suitable combination of the polymer chain which constitutes the block 
copolymer or graft copolymer used with the heat-resistant matter A polyethylene oxide chain + 
polypropylene oxide chain, a polyethylene oxide chain + polymethylmethacrylate chain, A polyethylene 
oxide chain + Pori alpha-methyl-styrene chain, a polyethylene oxide chain + polystyrene chain, A 
polyethylene oxide chain + polyvinyl pyridine chain, a Pori (hydroxyethyl methacrylate) chain + 
polypropylene oxide chain, A Pori (hydroxyethyl methacrylate) chain + Pori alpha-methyl-styrene chain, 
A Pori (hydroxyethyl methacrylate) chain + polystyrene chain, a polyacrylic acid chain + polypropylene 
oxide chain, A polyacrylic acid chain + polymethylmethacrylate chain, a polymethacrylic acid chain + 
polymethylmethacrylate chain, A polyacrylic acid chain + polyphenyl methyl siloxane chain, a 
polyethylene oxide chain + poly dimethylsiloxane chain, a polyethylene oxide chain + polyphenyl 
methyl siloxane chain, a polyethylene oxide chain + polyvinyl methyl siloxane chain, etc. are contained. 
Also among these, a polyethylene oxide chain + polypropylene oxide chain and a polyethylene oxide 
chain + poly dimethylsiloxane chain are desirable, and a polyethylene oxide chain + poly 
dimethylsiloxane chain is the most desirable. For example, what mixed thermosetting resin, such as a 
polyamide acid, to the block copolymer or graft copolymer of a polyethylene oxide chain + poly 
dimethylsiloxane chain can be used good as a constituent for pattern formation. 
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[0146] Especially the mixing ratio with the heat-resistant matter, a block copolymer, or a graft 
copolymer is not limited. The heat-resistant matter has the desirable 1 -500 weight section to the block- 
copolymer or graft-copolymer 100 weight section, its 5-100 weight section is more desirable, and its 10 
- 50 weight section is still more desirable. If there are few loadings of the heat-resistant matter, the 
function as a mask cannot fully be achieved. When there are too many loadings of the heat-resistant 
matter, phase separation structure is confused and it becomes impossible to form a good pattern. 
[0147] As for the solvent used in case a mixed solution with a copolymer, the heat-resistant matter, or its 
precursor is prepared, it is desirable that it is a good solvent to both a copolymer and the heat-resistant 
matter, or its precursor. It is desirable to use a good solvent also to which polymer chain which 
constitutes a copolymer especially. If a solvent with extremely bad solubility is used to a specific 
polymer chain, a micell will be easy to be formed in a solution. In this case, in case the thin film [, such 
as mold film of magnetic films, such as a mask of patterning and a magnetic-recording medium, ]-like 
micro phase separation structure is formed, it becomes difficult for the hysteresis of the micellar 
structure produced in the solution to remain, and to obtain a good micro phase separation structure 
pattern. 

[0148] As mentioned above, in order to form desired micro phase separation structure from a block 
copolymer or a graft copolymer, it is desirable to adjust the presentation ratio of two sorts of polymer 
chains. In the case of a lock copolymer, according to the presentation ratio of A polymer and B polymer, 
a phase separation gestalt changes as follows roughly A-B jib. When the presentation ratio of a a small 
number of phase is very low, a a small number of phase condenses, a spherical domain is formed, and it 
becomes sea island structure. If the presentation ratio of two phases becomes about 7:3, a a small 
number of phase will form a column-like domain, and will become cylinder structure. In the 1:1 
neighborhoods, a bi-phase forms a sheet-like domain, respectively and the presentation ratio of two 
phases serves as lamella structure in which these carried out the laminating by turns. 
[0149] here ~ A-B ~ a jib ~ in a lock copolymer, a phase diagram inclines toward a polymer phase side 
with the large value of a solubility parameter greatly [ surface energy ] that is,. This means that the 
presentation which forms domain structures, such as lamellae, a cylinder, and sea island structure, 
inclines a little according to the combination of two sorts of polymer chains. If the solubility parameters 
of two sorts of polymers which constitute a block copolymer specifically differ lcal0.5/cml.5 about, the 
optimal presentation will move to the direction of a polymer with larger about 5% solubility parameter 
than the above-mentioned presentation ratio. Moreover, when a block copolymer contacts a substrate, a 
polymer with the small difference of surface energy with a substrate segregates to a substrate side. For 
example, in the block copolymer of a PS-PMMA system, PMMA tends to deposit in a substrate side. On 
the contrary, in a PS-PB (polybutadiene) system block copolymer, PS tends to deposit in a substrate 
side. 

[0150] When it is going to form the thin film of sea island structure from a block copolymer, as for the 
presentation ratio of two sorts of polymer chains, it is desirable to set up near the transition point of sea 
island structure and earthworm structure. In this case, although the optimal presentation ratio of a block 
copolymer cannot generally be ******(ed) since an interaction works between a polymer and a 
substrate, prediction is possible to some extent. That is, since it becomes easy to segregate a a small 
number of phase on a substrate front face when the difference of surface energy with a substrate is a 
small phase, it is required to enlarge the presentation of a a small number of phase more. For example, 
by the PS-PMMA system, since PMMA tends to deposit on a substrate front face, PS needs to make 

http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje (6 of 9)12/6/2007 10:30:16 AM 



JP,2001-151834,A [DETAILED DESCRIPTION] 



larger than PS presentation of the copolymer which is a a small number of phase the PMMA 
presentation of the copolymer whose PMMA is a a small number of phase. Moreover, distribution of the 
magnitude of a ball or a cylinder changes also with differences in the surface tension of two sorts of 
polymers which constitute a block copolymer. Also from this reason, the optimal presentation ratios for 
forming phase separation structure differ by the block copolymer whose A polymer is a a small number 
of phase, and the block copolymer whose B polymer is a a small number of phase. For example, 
supposing the optimal presentation whose A polymer which is affinitive to a substrate forms a dot on a 
substrate is A:B=20:80, the optimal presentation in which B polymer forms a dot on a substrate may be 
set to A:B=85:15. This is because the polymer of the excessive volume is needed in bulk, so that a 
polymer tends to stick to a substrate side. 

[0151] As for the volume fraction of two polymer phases which constitute a block copolymer, it is 
desirable to set up as follows. For example, in forming sea island structure, it sets the volume fraction of 
one phase as 15 - 30% of range still more preferably 10 to 35% preferably 5 to 40%. The lower limit of a 
volume fraction is prescribed by the consistency of an island, and a upper limit is specified by the range 
which can maintain sea island structure. If a upper limit is exceeded, it will become another structures, 
such as a cylinder instead of sea island structure. In addition, when forming sea island structure into a 
thin film with a thickness of about several lOnm, in order that the effect of an interface may come out 
greatly, the above-mentioned optimum value becomes small about 2 to 5%. In order to adjust the 
volume fraction of two phases, the copolymerization ratio of a block copolymer may be controlled and 
the molecular volume of a polymer chain may be controlled. Various technique for controlling the 
molecular volume of a polymer chain can be considered. For example, in case the fourth class of a 
polyvinyl pyridine chain is chlorinated, the molecular volume of an alkyl group or a counter anion may 
be controlled. Moreover, the matter with sufficient compatibility may be mixed to a specific phase, and 
the volume fraction of a phase may be adjusted. Under the present circumstances, as matter to mix, the 
homopolymer of the polymer chain which constitutes a block copolymer etc. is used. 
[0152] In order to form good three-dimensions BAIKONTINYUASU structure from a block copolymer, 
it is required for the precursor of the precursor of A polymer chain, B polymer chain and A polymer 
chain, and B polymer chain, the precursor of A polymer chain, B polymer chain, or A polymer chain and 
the precursor of B polymer chain to be mutually immiscible. When a precursor is used, after forming 
phase separation structure, the chemical reaction of the precursor is carried out on the temperature 
conditions below the glass transition temperature of a copolymer, and it changes into a desired polymer 
chain. In this case, as for the molecular weight of each block, it is desirable that it is 3000 or more. In the 
solution of two block copolymers which have the immiscible polymer chain of each other, in order to 
adjust a presentation ratio, a small amount of homopolymer may be added if needed. 
[0153] Various kinds of additives may be mixed in the solution of a block copolymer. It is desirable to 
use specifically what has high compatibility as an additive with one side of the polymer chain which 
carries out phase separation. In this case, an additive can be made easily unevenly distributed in a 
polymer phase with good compatibility in the process in which phase separation structure is formed. 
Consequently, the etching resistance of the phase containing an additive can be raised. Better patterning 
becomes possible by making an additive especially unevenly distributed in a heat-resistant phase. 
[0154] As an additive, metal salts and organometallic compounds, such as Cr, V, Nb, Ti, aluminum, Mo, 
Li, Lu, Rh, Pb, Pt, Au, and Ru, are mentioned, for example. The metallic element produced by returning 
these can be used as the growth nucleus of the magnetic film of a magnetic-recording medium, and an 
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electrode material of an electrochemistry cel. As such an additive, a lithium 2, 4-pentane JIONETO, 
Lithium tetramethyl heptane JIONETO, a ruthenium 2, 4-pentane JIONETO, Magnesium 2, 4-pentane 
JIONETO, magnesium hexafluoro pentane JIONETO, Magnesium trifluoro pentane JIONETO, 
manganese (II) 2, 4-pentane JIONETO, Molybdenum (V) ethoxide, (Molybdenum VI) oxide screw (2, 4- 
** NTAN JIONETO), Neodium 6, 6, 7, 7, 8, and 8, 8-heptafluoro -2, the 2-dimethyl -3, 5-octane 
JIONETO, Neodium hexafluoro pentane JIONETO, neodium (III) 2, 4-pentane JIONETO, Nickel (II) 2, 
4-pentane JIONETO, (Niobium V) n-butoxide, (Niobium V) n-ethoxide, palladium hexafluoro pentane 
JIONETO, Palladium 2, 4-pentane JIONETO, platinum hexafluoro pentane JIONETO, Platinum 2, 4- 
pentane JIONETO, rhodium trifluoro pentane JIONETO, A ruthenium (III) 2, 4-pentane JIONETO, and 
tetrabutylammonium hexa chloro PURACHINETO (IV) tetrabromo golden (III) cetyl pyridinium salt 
etc. is mentioned. 

[0155] The metal particle several nm - 50nm or less which raised compatibility specifically to one 
polymer phase as an additive and by which surface treatment was carried out may be used. The approach 
of covering a metal particle with a polymer is indicated by JP, 10-25 1548, A. The approach of covering a 
metal particle with a block copolymer is indicated by JP,1 1-60891, A. For example, the metal particle 
covered with A homopolymer is segregated to A polymer chain of an A-B block copolymer, and the 
metal particle covered with B homopolymer is segregated to B polymer chain of an A-B block 
copolymer, in this case, the polymer phase which shows high compatibility among each polymer phase 
from which a metal particle constitutes an A-B block copolymer - it segregates in the center section 
mostly. Moreover, the metal particle covered with the A-B block copolymer is segregated to the 
interface of A polymer chain and B polymer chain. If such an approach is used, the polymer phase of 
arbitration can be made to segregate the same metallic element optionally. 

[0156] It may not only mix but an additive may be chemically combined with the side chain or principal 
chain of a block copolymer. In this case, an additive can be made easily unevenly distributed in a 
specific phase by embellishing only a specific polymer with the functional molecular structure. The 
structure which is easy to combine with a specific additive is introduced into the specific principal chain 
or specific side chain of a polymer, and before forming phase separation structure, an additive may be 
introduced into a polymer chain by making the steam or solution of an additive contact behind. For 
example, if chelate structure is introduced into a polymer chain, a metal ion can be selectively doped to 
high concentration. Chelate structure may be introduced into a principal chain and may be introduced 
into the ester part of polyacrylic ester etc. as a substituent. If the ion-exchange-resin structure of having 
ionicity radicals, such as pyridinium salt structure, is introduced into a polymer, a metal ion etc. can be 
doped good by counter ion exchange. 

[0157] When a plasticizer is added into a pattern formation ingredient, since micro phase separation 
structure can be formed by short-time annealing, it is desirable. Although especially the addition of a 
plasticizer is not limited, it is 2 - 10 % of the weight still more preferably one to 20% of the weight 
preferably one to 70% of the weight to a block or a graft copolymer. If there are too few additions, the 
acceleration effectiveness of micro phase separation structure formation will not fully be acquired, but if 
many [ too ], the regularity of micro phase separation structure will be disturbed. 

[0158] Aromatic series ester, fatty acid ester, etc. are contained in the example of a plasticizer. examples 
are adipic-acid dimethoxy ethyl,; adipic-acid system plasticizers, for example, adipic-acid dibutoxy 
ethyl,; pyromellitic acid system plasticizers, for example, octyl pyromellitate etc.,; trimellitic acid 
system plasticizers, for example, octyl trimellitate etc., such as a phthalate ester plasticizer, for example, 
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dimethyl phthalate, dibutyl phthalate, G 2-ethylhexyl phthalate, dioctyl phthalate, and JIISO nonyl 
phthalate, etc., etc., dibutyldiglycol adipate, adipic-acid dialkylene glycol, etc. 
[0159] A polymerization nature low molecular weight compound may be added as a plasticizer. For 
example, to the block copolymer or graft copolymer which has a polymer chain with a comparatively 
high glass transition temperature like poly amide **** which are a polyimide chain and its precursor, 
polymerization nature low molecular weight compounds, such as bismaleimide, are added. A 
polymerization nature low molecular weight compound has an operation of the plasticizer which the 
fluidity of a polymer chain is raised [ plasticizer ] at the time of heating, and promotes formation of 
phase separation structure, and a polymerization nature low molecular weight compound — final ~ a 
polymerization - since it hardens and micro phase separation structure is fixed, porous structure can be 
strengthened. 

[0160] - bis[4-(paraamino phenoxy) phenyl] propane, and bis(4-maleimide phenyl) methane, bis(4- 
maleimide phenyl) ether, 2, and 2 '2, 2' bis[ - ] [4-(paraamino phenoxy) phenyl] hexafluoropropane etc. 
is contained in the example of bismaleimide. The addition of bismaleimide is 2 - 10 % of the weight still 
more preferably one to 20% of the weight preferably one to 70% of the weight. Although a possibility 
that it may be confused somewhat has micro phase separation structure when it is going to strengthen 
micro phase separation structure with the polymer of bismaleimide, it is desirable to make [ many / 
comparatively ] an addition. It is desirable to specifically add bismaleimide in 10 - 50% of the weight of 
the range to polymer chains, such as polyamide **** which should be plasticized. 
[0161] By adding a cross linking agent to a copolymer, or introducing a cross-linking radical into it, 
after forming micro phase separation structure, a bridge may be mutually constructed in three 
dimensions in a copolymer. According to such bridge formation, the thermal or mechanical 
reinforcement of micro phase separation structure can be raised further, and stability can be raised. 
When thermal resistance is taken into consideration, the immiscible thing of each polymer phase is 
essentially desirable. However, even if it is the phase separation structure which consists of phases 
which are not immiscible, thermal resistance is improvable by constructing a bridge mutually in the 
polymer chain which forms a phase. 

[0162] In case micro phase separation structure is formed from a block copolymer, it is common to 
anneal above glass transition temperature (below pyrolysis temperature). However, when it anneals 
under an oxygen content ambient atmosphere, a polymer denaturalizes and deteriorates by oxidation 
reaction, cannot form good micro phase separation structure, the processing time becomes long, or there 
is a possibility that desired etch selectivity may no longer be obtained. In order to prevent degradation of 
such a copolymer, it is desirable to anneal under an anoxia condition in the dark place where 
photodegradation cannot happen easily preferably. However, since annealing under anoxia conditions 
needs severe ambient atmosphere control, it tends to cause buildup of a manufacturing cost. Then, it is 
desirable to add an antioxidant or a photodegradation inhibitor to a block copolymer or a graft 
copolymer. Although especially definition is not carried out for an antioxidant or a photodegradation 
inhibitor, the radical trap agent which carries out the trap of the radical kind produced by oxidation 
reaction or the photodegradation reaction is used good. 
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[0163] Specifically, metal complex system photodegradation inhibitors, such as HALS (Hindered Amine 
Light Stabilizer) and copper which are represented by piperidine system compounds, such as sulfur 
system anti-oxidants, such as phenolic antioxidants, such as 3 and 5-G tert-butyl-4-hydroxytoluene, the 
Lynn system anti-oxidant, and a sulfide derivative, and bis(2, 2, 6, and 6-tetramethyl piperidinyl - 4) 
sebaeate, and nickel, etc. are used. 

[0164] Although especially the loadings of an antioxidant or a photodegradation inhibitor are not 
limited, it is preferably set up to 0.1 - 0.5% of the weight still more preferably 0.05 to 1% of the weight 
0.01 to 10% of the weight. If there are too few loadings, the antioxidizing effectiveness or the 
photodegradation prevention effectiveness is not enough. When there are too many loadings, there is a 
possibility of carrying out the disturbance of the phase separation structure of a copolymer. 
[0165] On the other hand, these antioxidants or a photodegradation inhibitor has a possibility of 
checking the smooth pyrolysis of a pyrolysis nature polymer chain. Then, it is desirable whether it 
volatilizes above the pyrolysis temperature of a pyrolysis nature polymer chain and that what is 
decomposed is used. Moreover, it is desirable that an antioxidant etc. does not exist, when carrying out 
non-deliquesce [ of the heat-resistant polymer chain ] with heating in air and raising thermal resistance. 
In this case, whether it not volatilizing at the temperature which forms micro phase separation, but 
volatilizing at non-deliquesce temperature, and the thing to decompose are desirable. Therefore, it is 
desirable to use the 3 and 5-G tert-butyl-4-hydroxytoluene which is easy to volatilize with low molecular 
weight. 

[0166] Hereafter, the pattern formation approach of this invention is explained more to a detail. The 
pattern-formation approach of this invention has the process which forms on a substrate the film which 
consists of a pattern-formation ingredient, the process which forms micro phase-separation structure into 
said film, the process which removes one polymer phase from the micro phase-separation structure 
formed into said film selectively, and the process which etches said substrate by using other polymer 
phases which remained as a mask, and imprint the pattern of micro phase-separation structure to said 
substrate. 

[0167] This approach is applicable to the magnetic-recording medium of particle distributed process 
input output equipment, and manufacture of a field emission display. In these applications, since the 
location of the element in a pattern may not be so exact, this approach is dramatically effective. 
[0168] First, the film of a pattern formation ingredient is formed with a spin coating method, a DIP 
coating method, etc. on a substrate. It anneals at the temperature more than the glass transition 
temperature of a pattern formation ingredient if needed, and micro phase separation structure is formed 
into the film. It sets up a little thickly whether membranous thickness is comparable as the magnitude of 
the domain of the micro phase separation structure which it is going to form. The magnitude of a domain 
is the diameter of a cylinder with the diameter of an island, and cylinder structure in sea island structure. 
As for membranous thickness, specifically, it is desirable to set up 0.5 to 2.5 times of the magnitude of a 
domain and further 0.8 to 1.5 times. 

[0169] When the ratio of the value (here, the carbon atomic number of a monomeric unit and No are 
[ N ] the oxygen atomic number of a monomeric unit for the total atomic number of a monomeric unit 
and Nc) of N/(Nc-No) of each monomeric unit uses the block copolymer which has two polymer chains 
which are 1.4 or more, or the block copolymer which has a polysilane chain and a carbon system organic 
polymer chain as a pattern formation ingredient, dry etching of the film is carried out and one polymer 
phase is selectively removed from micro phase separation structure. For example, in the block 
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copolymer which has a ring content polymer chain and an acrylic polymer chain, dry etching of the 
acrylic polymer phase is carried out selectively. Moreover, in the block copolymer which has a 
polysilane chain and a carbon system organic polymer chain, dry etching of the polysilane phase is 
carried out selectively. 

[0170] When the block copolymer which has the polymer chain of difficulty resolvability to the polymer 
chain and energy line from which a principal chain is cut by the exposure of an energy line is used as a 
pattern formation ingredient, after cutting the principal chain of one polymer phase which irradiates an 
electron ray at the film and constitutes micro phase separation structure, the polymer phase is selectively 
removed by making it volatilize with heating or carrying out wet etching. For example, if negatives are 
developed with a developer after irradiating an electron ray at PS-PMMA which carried out micro phase 
separation, a PMMA phase will be removed selectively. 

[0171] When the block copolymer which has a pyrolysis nature polymer chain and a heat-resistant 
polymer chain (what was converted from the precursor is included) is used as a pattern formation 
ingredient, by heating the film beyond pyrolysis temperature, the pyrolysis nature polymer phase which 
constitutes micro phase separation structure is volatilized, and the polymer phase is removed selectively. 
[0172] The film can be porosity-ized by these approaches. By using obtained porous membrane as a 
mask, wet etching is carried out and dry etching or the pattern corresponding to micro phase separation 
structure is imprinted for a substrate to a substrate. 

[0173] By the approach using an energy line, there is an advantage that a mask can be formed by wet 
etching, without using a dry etching process. 

[0174] If a thermal decomposition method is used, a mask can be formed only by heat-treatment. 
Moreover, since the substrate front face is exposed in the location of the hole of a mask, it becomes that 
it is very easy to be etched, and the contrast on the front face of a substrate covered with the mask can 
take greatly. Since not only dry etching but wet etching can be used for etching of a substrate, the 
selection width of face of a processible substrate ingredient is large. Process cost can also be reduced if 
wet etching is used. 

[0175] By the approach of porosity-izing the conventional film which carried out micro phase separation 
by the ozonolysis, and forming a mask, an ozonolysis takes time amount. The approach of this invention 
can be performed in a short time as compared with the conventional approach. Especially, in a thermal 
decomposition method, it is for what is necessary being just to heat-treat, and a porosity pattern very 
good in a short time can be formed. 

[0176] The example which applies the pattern formation approach mentioned above to manufacture of a 
magnetic-recording medium is explained. This approach includes the following processes, (a) Apply the 
block copolymer which consists of two sorts of polymers from which etching resistance differs on a 
nonmagnetic substrate, (b) Carry out micro phase separation of the block copolymer, and form sea island 
structure, (c) Carry out dry etching of the polymer phase without dry etching resistance, and carry out 
dry etching of the nonmagnetic substrate by using as a mask the dry etching-proof polymer phase which 
remained further, (d) Deposit a magnetic layer on the etching field of a nonmagnetic substrate, (e) Carry 
out the lift off of the polymer which remained, and the magnetic layer on it. Hereafter, each process is 
explained more to a detail. 

[0177] (a) The block copolymer which consists of two sorts of polymers from which etching resistance 
differs contains PMMA which is a polymer without PS and dry etching resistance of for example, dry 
etching-proof nature at 8:2 or about 2:8 rate, and 1.1 or less thing is used [ the molecular weight Mw of 
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PMMA ] for 50,000 or less and molecular weight distribution. The solution which dissolved the block 
copolymer for example, in the cellosolve system solvent is applied with a spin coat etc. on a substrate. 
[0178] (b) By annealing, carry out micro phase separation of the block copolymer, and form sea island 
structure. As an example of sea island structure, the structure which the island of PMMA with an 
average diameter of about lOnm distributed regularly is mentioned to the sea of PS. In this block 
copolymer, the etch selectivity by reactive ion etching (RIE) which used CF4 becomes more than PS: 
PMMA=1:4, and the etching rate of an island is large. 

[0179] (c) Among the block copolymers of sea island structure, etching clearance only of the island or 
the sea of PMMA with a large etching rate is carried out by RIE using CF4, and the sea or the island 
which is PS remains by it. Then, a nonmagnetic substrate is etched by using PS phase which remained as 
a mask, and the hole corresponding to the part of an island or the sea is formed. In addition, the process 
of (d) may be performed, without etching a nonmagnetic substrate. 

[0180] (d) Carry out sputtering of the magnetic material and deposit a magnetic layer on the etching 
field of a nonmagnetic substrate, and PS Aigami who remains. In addition, a magnetic layer may be 
deposited after depositing a substrate layer. 

[0181] (e) Carry out the lift off of PS phase which remained using the organic solvent, and the magnetic 
layer on it. Furthermore, the organic substance which remains eventually is removed by ashing etc. 
[0182] According to the process of the above (a) - (e), a magnetic layer can be formed in a nonmagnetic 
substrate and on a nonmagnetic substrate according to the pattern of the sea island structure of a block- 
copolymer layer. Since the mask formation process is unnecessary at electron beam lithography 
compared with the approach of producing a mask, this approach of a cheap thing is clear. Moreover, 
since the medium of two or more sheets can be annealed simultaneously, a high throughput is 
maintainable. 

[0183] The example which applies the another pattern formation approach of this invention to 
manufacture of a magnetic-recording medium is explained with reference to drawing 4 (A) - (C). By this 
approach, a metal particle can be arranged without a lift-off process in the specific location of a substrate 
using a block copolymer and the polymer which wrapped in the metal particle as a pattern formation 
ingredient. 

[0184] First, the solution of the mixture of A-B block polymer and A homopolymer which wrapped in 
the metal particle is prepared, it applies on a substrate 1, and the film is formed. As A-B block polymer, 
what has an acrylic polymer chain and an aromatic series system polymer chain, for example is used. 
Moreover, the polymer which covers a metal particle has as near the molecular structure as A polymer, 
and with B polymer, if immiscible, things other than A polymer can use it similarly. By annealing the 
film at the temperature more than glass transition temperature, the micro phase separation structure 
where the island of A polymer phase 4 exists is formed into the sea of B polymer phase 3. In this 
process, the metal particle covered with A homopolymer is segregated to A polymer phase 4 which 
constitutes micro phase separation structure, and the metal particle 5 is located in the core of A polymer 
phase 4. Thus, the structure where the metal particle has been arranged can be formed in the core of the 
island-shape polymer phase by which micro phase separation was carried out only by annealing the film 
of a pattern formation ingredient ( drawing 4 (A)). In addition, when the metal particle covered with the 
A-B block copolymer instead of A homopolymer is used, a metal particle segregates to the interface of 
A polymer phase and B polymer phase. 

[0185] Next, only A polymer phase 4 (acrylic polymer phase in this case) which constitutes micro phase 
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separation structure is selectively etched by RIE. At this time, the metal particle 5 remains into the 
formed hole 6, without being etched ( drawing 4 (B)). 

[0186] Furthermore, if etching is continued by using B polymer phase 3 which remained as a mask, a 
hole 7 will be formed also in a substrate 1 and the metal particle 5 will remain in the bottom of the hole 
7 of a substrate 1. Then, ashing of the B polymer phase 3 which remained by the oxygen plasma is 
carried out ( drawing 4 (Q). If the magnetic substance is deposited by using as a seed the metal particle 
5 which exists in the bottom of the hole 7 of a substrate 1, a magnetic-recording medium can be formed. 
[0187] By the above-mentioned approach, a metal particle can be arranged without a lift-off process in 
the specific location of a substrate. In this approach, if a conductor or a semi-conductor is deposited on 
the metal particle which remained, also when forming the emitter of a field emission display, it can 
apply. 

[0188] In addition, it is desirable to choose the pattern formation ingredient to be used suitably 
according to an application. In order to form the hole in which the gate electrode of a field emission 
array is etched into, and an emitter electrode is formed, it is desirable to use the following pattern 
formation ingredients. This pattern formation ingredient is the block copolymer or graft copolymer 
which has for example, a ring content polymer chain and an acrylic polymer chain, and, for molecular 
weight, 50,000 or more and molecular weight distribution (Mw/Mn) are [ the ratios of the molecular 
weight of 1.15 or less, a ring content polymer chain, and an acrylic polymer chain ] the things of 75:25- 
90:10. 

[0189] In order to manufacture the magnetic-recording medium of a particle decentralized structure, it is 
desirable to use the following pattern formation ingredients. This pattern formation ingredient is the 
block copolymer or graft copolymer containing for example, a ring content polymer chain and an acrylic 
polymer chain, the molecular weight of an acrylic polymer chain is 100,000 or less, molecular weight 
distribution (Mw/Mn) are 1.20 or less, and the ratio of the molecular weight of a ring content polymer 
chain and an acrylic polymer chain is the thing of 75:25-90:10. 

[0190] A a small number of phase (acrylic polymer phase in this case) is removed for any pattern 
formation ingredient by the exposure of dry etching or an energy line. The magnitude of the pattern in 
micro phase separation structure is uniquely determined with the molecular weight of the polymer of the 
a small number of phase removed. For this reason, it is desirable to make molecular weight of the 
polymer of a a small number of phase or less into 100,000. If this condition is fulfilled, a dot pattern 
with a diameter of 100-200nm can be obtained irrespective of the class of polymer. When it is going to 
obtain an about 40nm dot pattern, it is desirable to make molecular weight of a a small number of phase 
about into 30,000. When it is going to obtain an about 15nm dot pattern, it is desirable to make 
molecular weight of a a small number of phase about into 10000. However, when the molecular weight 
of a a small number of phase becomes smaller than 3000, there is a possibility that the repulsive force 
between segments required for micro phase separation may fully be acquired no longer, and may bar 
clear pattern formation. 

[0191] Orientation of the phase separation structure of the pattern formation film can be carried out by 
electric field. If about l-10v [/micrometer ] electric field are impressed in case phase separation structure 
is formed into the pattern formation film by annealing, phase separation structure will carry out 
orientation. For example, in the case of cylinder structure, a cylinder phase carries out orientation along 
with line of electric force. If an electrical potential difference is impressed to a substrate to the pattern 
formation film at parallel, orientation of the cylinder phase will be carried out to a substrate at parallel. 
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A linear pattern can be formed in a substrate if a substrate is etched by using as a mask the pattern 
formation film which carried out orientation, moreover, the pattern formation film ~ if a parallel plate 
electrode is installed up and down and an electrical potential difference is impressed, orientation of the 
cylinder phase will be carried out in the direction of thickness. If this pattern formation film is heat- 
treated and porosity-ized, the high porous membrane of an aspect ratio can be formed in the depth 
direction. If a substrate is etched by using this porous membrane as a mask, the hole where an aspect 
ratio is dramatically high can be made in a substrate. 

[0192] according to this invention - a pattern - a truss ~ the substrate which has the high hole of an 
aspect ratio can also be obtained by using a fur technique, imprinting the pattern of the micro phase 
separation structure of a pattern formation ingredient on the pattern transfer film, and imprinting to a 
substrate further. 

[0193] On a substrate, pattern transfer carries out the laminating of the pattern transfer film and the 
pattern formation film one by one, and is carried out. In addition, the lower layer pattern transfer film 
may be prepared between a substrate and the pattern transfer film. The ingredient of the pattern 
formation film, the pattern transfer film, and the lower layer pattern transfer film is explained below. 
[0194] 1. The block copolymer which has the polymer chain which is two whose dry etching velocity 
ratios are 1.3 or more as pattern formation film pattern formation film, the block copolymer which has 
the polymer chain of difficulty resolvability to the polymer chain and energy line from which a principal 
chain is cut by the exposure of an energy line, or the block copolymer which has a pyrolysis nature 
polymer chain and a heat-resistant polymer chain (what was converted from the precursor is included) is 
used. Such a block copolymer is produced by spin coating, DIP coating, etc., and the pattern formation 
film is formed. The pattern formation film to which orientation of the cylinder phase was carried out at 
this time, for example, an electric field orientation, may be formed. 

[0195] 2. The pattern transfer film pattern transfer film is a layer by which the pattern which was 
prepared in the bottom of the pattern formation film, and was formed in the pattern formation film is 
imprinted. After one polymer phase is selectively removed among the copolymers which constitute the 
pattern formation film, the pattern transfer film is etched succeedingly. In order to remove selectively 
one polymer phase in the pattern formation film, according to the above-mentioned pattern formation 
ingredient, dry etching, electron beam irradiation and wet etching, or a pyrolysis is used. 
[0196] Thickness and an etch rate are set up so that etching may complete the pattern transfer film 
before a phase with high etching resistance is etched among the copolymers which constitute the pattern 
formation film. Among the polymer chains of the block copolymer which constitutes the pattern 
formation film, as compared with a polymer chain with a slow dry etching rate, it is desirable that a dry 
etching velocity ratio is 0.1 or more, as for the pattern transfer film, one or more is more desirable, and, 
specifically, it is still more desirable [ the film ] that it is two or more. As pattern transfer film, metals, 
such as Au, aluminum, and Cr, polysilane, the polymer into which the value of N/(Nc-No) is easy to be 
etched more greatly than 3 are used. 

[0197] The polysilane used as pattern transfer film will not be limited especially if the repeat unit shown 

in a bottom type is contained. 

[0198] 

[Formula 11] 
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[0199] Here, Rl and R2 show the alkyl group which is not permuted [ the permutation of a carbon 
number 1-20, or ], an aryl group, or an aralkyl radical, respectively. 

[0200] Pori (methylphenyl silane), Pori (diphenyl silane), Pori (methyl chloromethyl phenylsilane), etc. 
are included in the example of polysilane. Moreover, a homopolymer or a copolymer is sufficient as 
polysilane, and it may have the structure which two or more sorts of polysilane combined mutually 
through the oxygen atom, the nitrogen atom, the aliphatic series radical, and the aromatic series radical 
The organic silicon polymer to which copolymerization of polysilane and the carbon system polymer 
was carried out may be used. Although especially the molecular weight of polysilane is not limited, the 
range of Mw=3000- 100000 is desirable to Mw=2000-1 million and a pan. If molecular weight is too 
small, the spreading nature and etching resistance of the polysilane film will get worse. Moreover, when 
molecular weight is too small, in case the pattern formation film is applied, the polysilane film dissolves, 
and there is a possibility that both may cause mixing. On the other hand, if molecular weight is too high, 
the solubility to the spreading solvent of polysilane will fall. 

[0201] In addition, since it is easy to oxidize and an etching property tends to change, as for polysilane, 
it is desirable to add the antioxidant or photodegradation inhibitor mentioned above. Although especially 
the addition of these additives is not limited, it is desirable that it is further 0.05 - 2wt% 0.01 - 10wt%. If 
there are too few additions, the addition effectiveness will not be acquired, but when there are too many 
additions, there is a possibility that the etching property of polysilane may get worse. 
[0202] 3. The selection range of the substrate ingredient which can form the higher pattern which is an 
aspect ratio (it is not necessary to necessarily prepare), and also can be processed can be made large by 
preparing the lower layer pattern transfer film lower layer pattern transfer film. As for the etch 
selectivity of the lower layer pattern transfer film to the pattern transfer film, ten or more are [ two or 
more / five or more ] still more preferably desirable, since the lower layer pattern transfer film is etched 
into a mask in the pattern transfer film with which micro phase separation structure was imprinted more 
preferably. It is desirable to use the organic polymer film as lower layer pattern transfer film to the 
pattern formation film which consists of an organic polymer using the inorganic thin film which consists 
of a metal metallurgy group oxide etc. as pattern transfer film so that big etch selectivity may be 
obtained. In this case, if the pattern transfer film is used as a mask and the lower layer pattern transfer 
film is etched by 02 gas, a very deep hole can be formed. By etching a substrate by using these film as a 
mask, the deep hole of a high aspect ratio can be prepared in a substrate. In order to obtain a high aspect 
ratio in the depth direction, it is desirable to etch the lower layer pattern transfer film by anisotropy dry 
etching. In addition, as long as the etch selectivity of the pattern transfer film and the lower layer pattern 
transfer film is large enough, since the pattern transfer film may be thin, the pattern transfer film may be 
etched by isotropic etching, such as wet etching. 

[0203] When using the lower layer pattern transfer film, it is desirable to use metallic oxides, such as 
metals, such as aluminum, Au, Ag, and Pt, or a silica, titanium oxide, and tungstic oxide, as pattern 
transfer film. Film production nature is good especially and aluminum which can etch both wet etching 
and dry etching is desirable. Although especially the organic polymer used for the lower layer pattern 
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transfer film is not limited, polystyrene derivatives, such as polystyrene and polyhydroxy styrene, 
polyvinyl naphthalene and its derivative, novolak resin, etc. have a desirable polymer with high dry 
etching resistance to the gas of chlorofluocarbon systems, such as CF4. It is not necessary to be a block 
copolymer, and since molecular weight does not need to gather, as for the lower layer pattern transfer 
film, a radical polymerization method etc. can use industrially the comparatively cheap organic polymer 
which can be mass-produced. 

[0204] How a lower layer, the upper pattern transfer film, and the pattern formation film are formed on a 
substrate, and a line forms a pattern for etching 3 times is explained to a detail. 

[0205] First, the above polymers are formed with a spin coat method, a dip method, etc. as lower layer 
pattern transfer film on a substrate. As for the thickness of the lower layer pattern transfer film, it is 
desirable to carry out to the depth of the hole which it is going to imprint, and more than an EQC. On the 
lower layer pattern transfer film, the film of inorganic substances, such as a metal or SiO, is formed as 
upper pattern transfer film with a vacuum deposition method, plating, etc. As for the thickness of the 
upper pattern transfer film, it is desirable that it is thinner than the thickness of the pattern formation film 
formed on it. One of the pattern formation film mentioned above on the upper pattern transfer film is 
formed. As for the thickness of the pattern formation film, it is desirable that it is almost equivalent to 
the magnitude of the structure which should be formed. For example, when it is going to obtain sea 
island structure including an island with a diameter of about lOnm, it is desirable to set thickness to 
about lOnm. 

[0206] As for the dry etching rate of the upper pattern transfer film, it is desirable that it is larger than 
that of the porosity-ized pattern formation film. As for the upper pattern transfer film, specifically, it is 
desirable to be etched at an about at least 1.3 times of the pattern formation film and twice [ further / 
more than ] as many rate as this. However, when the polymer film is prepared as lower layer pattern 
transfer film in the bottom of the upper pattern transfer film, it is not necessary to fill the etch selectivity 
mentioned above. That is, the lower layer pattern transfer film is etched by the oxygen plasma after 
etching of the upper pattern transfer film. Under the present circumstances, if there is resistance with the 
upper pattern transfer film expensive to the oxygen plasma, the lower layer pattern transfer film will be 
easily etched by the oxygen plasma. In this case, as for the dry etching rate of the upper pattern transfer 
film, as compared with the pattern formation film, about 0.1 are satisfactory. 

[0207] After forming each film as mentioned above, it anneals if needed and micro phase separation 
structure is formed into the pattern formation film. By performing RIE and electron beam irradiation 
using fluorine system gas, wet etching, or a pyrolysis, one polymer phase is selectively removed among 
the micro phase separation structures formed into the film, and it leaves other polymer phases. The 
upper pattern transfer film (for example, metal) is etched, and micro phase separation structure (for 
example, sea island structure) is imprinted on this film. Next, RIE is performed using the oxygen plasma 
by using the upper pattern transfer film which remained as a mask, and the lower layer pattern transfer 
film (for example, polymer) is etched. If Oxygen RIE is performed, since it is not etched but only the 
lower layer pattern transfer film which consists of an organic polymer is etched, the upper pattern 
transfer film which consists of a metal can form the structure where an aspect ratio is dramatically high. 
Ashing of the pattern formation film which can come, simultaneously consists of an organic copolymer 
is carried out. Fluorine system gas performs RIE again by using the lower layer pattern transfer film 
which remained as a mask, and a substrate is etched. Consequently, it is nanometer order and a hole with 
a dramatically high aspect ratio can be formed in a substrate. In the above-mentioned process, although 
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wet etching may be used instead of RIE, a pattern configuration becomes easy to collapse in the case of 
a pattern imprint. 

[0208] How to manufacture various kinds of porous-structure objects using the pattern formation 
ingredient of this invention is explained. The manufacture approach of the porous-structure object of this 
invention has the process which forms the Plastic solid which consists of a pattern formation ingredient 
containing a block copolymer or a graft copolymer, the process which forms micro phase separation 
structure into said Plastic solid, and the process which removes one polymer phase from the micro phase 
separation structure in said Plastic solid selectively, and forms a porous-structure object. 
[0209] the micro phase separation structures formed into the bulk Plastic solid of a block copolymer or a 
graft copolymer are continuous phase structures, such as cylinder structure, lamella structure, and 
BAIKONTINYUASU structure, - it is desirable and especially BAIKONTINYUASU structure is 
desirable. There are gestalten, such as OBDD structure, JIROIDO (Gyroid) structure, T-surface 
structure, and lamellae catenoid structure, in BAIKONTINYUASU structure. 
[0210] When the ratio of the value (here, the carbon atomic number of a monomeric unit and No are 
[ N ] the oxygen atomic number of a monomeric unit for the total atomic number of a monomeric unit 
and Nc) of N/(Nc-No) of each monomeric unit uses the block copolymer which has two polymer chains 
which are 1.4 or more, or the block copolymer which has a polysilane chain and a carbon system organic 
polymer chain as a pattern formation ingredient, dry etching of the film is carried out and one polymer 
phase is selectively removed from micro phase separation structure. 

[021 1] When the block copolymer which has the polymer chain of difficulty resolvability to the polymer 
chain and energy line from which a principal chain is cut by the exposure of an energy line is used as a 
pattern formation ingredient, after cutting the principal chain of one polymer phase which irradiates an 
electron ray at the film and constitutes micro phase separation structure, the polymer phase is selectively 
removed by carrying out wet etching. 

[0212] When the block copolymer which has a pyrolysis nature polymer chain and a heat-resistant 
polymer chain (what was converted from the precursor is included) is used as a pattern formation 
ingredient, by heating the film beyond pyrolysis temperature, the pyrolysis nature polymer phase which 
constitutes micro phase separation structure is volatilized, and the polymer phase is removed selectively. 
[0213] The approach or thermal decomposition method which performs energy-line exposure and wet 
etching among these approaches has a simple process, and is desirable at the point that cost can 
manufacture a comparatively thick porous-structure object low. 

[0214] For example, the block copolymer which has the polymer chain of the difficulty resolvability 
which constitutes a porous-structure object, and the polymer chain removed by an energy-line exposure 
and etching is used. As an energy line to irradiate, since the permeability to a Plastic solid is high, an 
electron ray (beta rays), an X-ray, and a gamma ray are desirable. Especially an electron ray has the high 
selectivity of a decomposition reaction, its decomposition effectiveness is high, and since it can irradiate 
by low cost, it is the most desirable. 

[0215] For the example of the polymer chain of the difficulty resolvability which constitutes a porous- 
structure object polystyrene; ~ polystyrene derivative [, such as poly hydronalium styrene, ]; ~ novolak 
resin; — polyimide; ~ acrylonitrile system resin [, such as a copolymer of an acrylonitrile homopolymer, 
and acrylonitrile and other vinyl polymer, ] ; - polyacrylic acid and polymethyl acrylate — polyacrylic 
ester [, such as poly trifluoroethyl-alpha-chloro acrylate, ]; — vinylidene-fluoride-resin [, such as a 
vinylidene fluoride homopolymer and a copolymer of 6 vinylidene fluoride and propylene fluoride, ] ; - 
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vinyl chloride system resin; ~ vinylidene-chloride system resin; — aromatic ketone resin [, such as a 
polyether ketone and a polyether ether ketone, ]; ~ polysulfone; ~ polyether sulphone is contained. 
Especially, acrylonitrile system resin and vinylidene fluoride resin are desirable in respect of endurance. 
[0216] Poly OREFEN sulfone; poly methyl isopropenyl ketones, such as polymethacrylic-acid-ester; 
poly methaerylamide; polybutene-l-sulfones, such as polyolefine; Pori alpha-methyl- sty rene; 
polymethacrylic acid, such as polypropylene and a polyisobutylene, polymethylmethacrylate, and poly 
trichloroethyl methacrylate, polystyrene sulfone, and Pori 2-butylene sulfone, etc. are mentioned as the 
example of the polymer chain which a principal chain is cut by the exposure of an energy line and 
removed. Poly hexafluoro butyl methacrylate and poly tetrafluoro propyl methacrylate which introduced 
the fluorine into polymethacrylic acid ester especially; the poly trifluoroethyl-alpha-chloro acrylate 
which permuted the methyl group of the alpha position of polymethacrylic acid ester with chlorine is 
desirable. 

[0217] When using the approach of irradiating an electron ray, especially the thing for which vinylidene 
fluoride resin, such as a polymer which has double bonds, such as 1 to which crosslinking reaction 
advances by electron beam irradiation, and 2-polybutadiene, as a polymer chain which constitutes a 
porous-structure object, and a copolymer with poly norbornene or the derivative of polycyclohexane, 
and 6 vinylidene fluoride and propylene fluoride, is used is desirable. 

[0218] The various block copolymers mentioned already can be used as a block copolymer which has a 
pyrolysis nature polymer chain and a heat-resistant polymer chain. Moreover, after forming the porous- 
structure object which consists of a polymer, this can be calcinated and carbon-ized and the porosity 
carbon structure can also be manufactured. 

[0219] The manufactured porous-structure object is applicable to various applications. As a concrete 
application, there are filters, such as a separator of an electrochemistry eel and a hollow filament filter, 
super-thin fiber, porosity fiber, etc. 

[0220] A porous-structure object is formed from the Plastic solid of the pattern formation ingredient 
which contains a block copolymer by approach which was mentioned above, and mineral matter is filled 
up with the manufacture approach of other porous-structure objects of this invention into the hole of a 
porous- structure object. This approach is an approach of manufacturing the structure of mineral matter 
by using as mold the hole which imprinted the micro phase separation structure of a block copolymer or 
a graft copolymer. 

[0221] For example, a Plastic solid is formed by the cast method or the melt method using the pattern 
formation ingredient containing the block copolymer which has a pyrolysis nature polymer chain and a 
heat-resistant polymer chain. Next, micro phase separation structure is formed into a Plastic solid by 
giving annealing if needed. Then, by heating beyond the pyrolysis temperature of a pyrolysis nature 
polymer phase, a pyrolysis nature polymer phase is removed selectively and the porous-structure object 
holding the gestalt of micro phase separation structure is formed. The hole of this porous-structure 
object is filled up with carbon ingredients, such as inorganic compounds, such as a metal and a metallic 
oxide, and a diamond, etc. by plating or CVD. Then, 02 ashing etc. removes a heat-resistant polymer 
phase if needed, and the structure of mineral matter is formed. Furthermore, an imprint process may be 
repeated by using the structure of the formed mineral matter as mold, and the structure of other organic 
substances or mineral matter may be formed. Since especially the porous-structure object that consists of 
a heat-resistant polymer phase is easily removable by approaches, such as 02 ashing, on a pile to 
liftings, such as heat deformation, it is excellent. 
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[0222] Mineral matter is filled up with this approach into the hole of a porous-structure object by plating 
or CVD. For this reason, it is desirable that opening exists in the front face of a porous-structure object, 
and continuation pore exists in the porosity structure. As micro phase separation structure which can 
form such a hole, cylinder structure, BAIKONTINYUASU structure, or lamella structure is desirable. 
Especially cylinder structure and BAIKONTINYUASU structure are excellent in order to tend to hold 
the configuration of a hole in a porosity Plastic solid. Among BAIKONTINYUASU structures, 
especially since OBDD structure and JIROIDO (Gyroid) structure can **** a metal easily, they are 
desirable. 

[0223] When a porous-structure object is the thin film which has thickness comparable as the magnitude 
of the domain of micro phase separation structure, sea island structure may be formed. If the porous- 
structure object of sea island structure is used as mold, the dot-like pattern of mineral matter can be 
formed. For example, the porous membrane which shows sea island structure is formed on conductive 
substrates, such as a metal. At this time, a conductive substrate is exposed at the pars basilaris ossis 
occipitalis of a hole. When a substrate is not exposed, a substrate is exposed by etching porous 
membrane lightly with the oxygen plasma. If it energizes to a conductive substrate and electrolysis 
plating is performed, a dot-like metal pattern can be formed. 

[0224] Moreover, on the glass substrate of a hydrophilic property, the porous membrane which shows 
sea island structure is formed, and a glass front face is exposed at the pars basilaris ossis occipitalis of a 
hole. Then, a dot-like metal pattern can be formed by adding a catalyst, performing nonelectrolytic 
plating and depositing a metal from a hole pars basilaris ossis occipitalis. 

[0225] In order to fill up a porous- structure object with a metal, an inorganic compound, and carbon, 
gaseous-phase processes, such as liquid phase processes, such as plating, and CVD, are used. 
[0226] In case it is filled up with a metal, electrolysis plating or nonelectrolytic plating is usually used. 
Electrolysis plating is carried out to a porous-structure object by attaching an electrode. For example, the 
pattern formation film is formed and porosity-ized on an electrode. A metal is deposited in a porosity 
Plastic solid by being immersed in a plating bath and energizing this electrode to an electrode. Under the 
present circumstances, it is desirable to carry out plasma treatment etc. and to carry out hydrophilization 
processing of the internal surface of a hole so that plating liquid may tend to permeate the interior of 
hole of a porous-structure object. 

[0227] After filling up a porous-structure object, the precursor, for example, the organometallic 
compound, of a metal or an inorganic compound, a precursor may be changed into a metal or an 
inorganic compound, while calcinating and volatilizing porous structure. An organic metal salt, 
silsesquioxane, etc. are used as a metaled precursor. As the restoration approach of these precursors, an 
electrodeposition process, a spin coating method, vacuum deposition, the sputtering method, an 
impregnation method, etc. are used. 

[0228] Also when manufacturing a porous-structure object, orientation of the phase separation structure 
of the Plastic solid which consists of a pattern formation ingredient may be carried out by electric field 
the same with having explained in relation to the superficial pattern formation approach. For example, if 
the thin film of a pattern formation ingredient is formed on a substrate and an electrical potential 
difference is impressed to a substrate at parallel, orientation of the cylinder phase will be carried out to a 
substrate at parallel. Then, if dry etching or a pyrolysis removes a cylinder phase, for example, a 
substrate front face will be exposed. By depositing a metal on the exposed substrate front face by plating 
or CVD, a linear metal pattern can be formed, for example, it can use as minute metal wiring. 
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[0229] For example, on insulator wafers, such as silicon nitride, about 5 micrometers of two electrodes 
are detached, and they are formed, a wafer top ~ PS-PMMA - a jib ~ the spin coat of the PGMEA 
solution of a lock copolymer is carried out, and a thin film with a thickness of lOnm - about 1 
micrometer is formed. Annealing is performed at 230 degrees C for 40 hours, impressing the electrical 
potential difference of 10V to inter-electrode [ two ]. during this period - a jib - a lock copolymer starts 
micro phase separation and the cylinder structure which carried out orientation vertically to the electrode 
is formed, a jib - reactive ion etching or an energy-line exposure removes the PMMA phase of a lock 
copolymer. Consequently, the pattern of nanometer order is formed at right angles to an electrode. If this 
pattern is used as mold and a metal is embedded by electrolytic plating or the spatter, super-thin metal 
wiring can be formed. 

[0230] the pattern formation film ~ if a parallel plate electrode is installed up and down and an electrical 
potential difference is impressed, a cylinder phase will carry out orientation in the direction of thickness. 
If this cylinder phase is removed, the long and slender hole where an aspect ratio is high can form the 
porous membrane which carried out orientation in the direction of thickness. The thin line of a metal 
with a diameter of about 10-100nm can form Mt. Tsurugi-like the pattern or the structure which carried 
out orientation at right angles to an electrode by being immersed in plating liquid, after removing 
electrode of one of the two, energizing to the remaining electrodes, and performing electrolysis plating. 
On the substrate to which the palladium used as a plating nucleus etc. was made to adhere, porous 
membrane may be formed by the same actuation as the above, and it may be filled up with a metal in a 
hole with nonelectrolytic plating. Under the present circumstances, if porous membrane is made to swell 
moderately with a solvent, the diameter of a hole of porous membrane can be made to reduce. Mt. 
Tsurugi-like the pattern or the structure to which mold, then the very detailed metal thin line whose 
diameter is about several nm carried out orientation of the porous membrane which has the reduced hole 
at right angles to an electrode can be formed. A metallic oxide, the thin line of various ceramics, etc. can 
be formed by the same approach. This structure can be used good as an emitter of a field emission 
display (FED). It is desirable to form a metal thin line by gold, chromium, iridium, etc. for the 
application of an emitter, and iridium is especially desirable from points, such as thermal resistance. 
When forming the emitter of FED, the thick thing of the thickness of porous membrane is desirable, and 
1.5 or more times of the average die length of metal wiring and more than twice [ further ] are more 
desirable than the die length of metal wiring to form. This is because it becomes difficult to form the 
emitter of the Mt. Tsurugi structure, when a metal deposits not only on the inside of a hole but on a 
porous membrane front face. In order to acquire a good field emission property, as for the aspect ratio 
(the die length/diameter of a metal thin line) of an emitter, it is desirable that it is 10 or more and further 
50 or more. For example, when it is going to form the emitter of the diameter of 3nm, and an aspect ratio 
10, as for the thickness of porous membrane, it is desirable that it is 45nm or more. 
[0231] Since it will become the cause of the generation of gas for the application of the emitter of FED 
if porous membrane remains, it is desirable to remove porous membrane by 02 ashing etc. However, 
since the Mt. Tsurugi structure can be held when the polymer chain which constitutes porous membrane 
is changed into mineral matter with little generation of gas like poly silsesquioxane, it is desirable to 
leave porous membrane. 

[0232] The metal thin line produced as mentioned above may once be removed from an electrode, it 
may paste up on the electrode which prepared this independently, and you may use as an emitter. In this 
case, since an emitter can be formed only at an adhesion process, a production process is simplified. 
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However, since orientation of the metal thin line is not carried out in many cases, field emission 
effectiveness falls. 

[0233] When using what has the polymer chain with which a principal chain is cut by electron beam 
irradiation as a block copolymer, and the polymer chain of difficulty resolvability, the combination of 
the various polymer chains mentioned above can be applied, however, the jib which has the polymer 
chain of the resolvability chosen from Pori (meta) acrylic ester, such as polymethylmethacrylate, 
polymethyl acrylate, poly trifluoroethyl-alpha-chloro acrylate, and poly trichloroethyl methaerylate, and 
the polymer chain of the difficulty resolvability chosen from polystyrene, polyhydroxy styrene, 
polyvinyl naphthalene, and its derivative from a viewpoint of an orientation property and etching 
contrast ~ a lock copolymer is desirable. 

[0234] In order to form the cylinder structure which carried out orientation to altitude, it is desirable to 
set the molecular weight ratio of a difficulty resolvability polymer and a resolvability polymer to 75:25- 
67:34 in the range of 34:67-25:75. Cylinders may unite in 67:34-34:67. It becomes difficult to acquire 
the cylinder structure which continued when the presentation inclined from 75:25 or 25:75. 
[0235] Spacing of a pattern can be set up in the range from about lOnm to about 1 micrometer 
depending on the molecular weight of a block copolymer. In obtaining the pattern of the size whose 
molecular weight is about 10000 and about lOOnm when obtaining a pattern with a size of about lOnm, 
it uses the block copolymer whose molecular weight is about 100,000. If molecular weight is less than 
3000, it will be hard coming to generate micro phase separation, and when 1 million is exceeded, there is 
a possibility that the regularity of phase separation structure may be spoiled. 

[0236] The case where the porous-structure object of this invention is applied to electrochemistry eels, 
such as a lithium secondary battery and an electrochromic element, is explained. The conceptual 
diagram of an electrochemistry eel is shown in drawing 5 . This electrochemistry eel has the structure 
which formed the separator 73 with which impregnation of the electrolyte was carried out between the 
positive electrodes 71 and negative electrodes 72 which were equipped with the charge collector, 
respectively. 

[0237] In the electrochemistry eel of this invention, what consists of a porous-structure object formed by 
removing one polymer phase selectively among the block copolymers which have micro phase 
separation structure is used, for example as a separator 73. A separator can be manufactured as follows 
using the pattern formation ingredient containing the block copolymer which has the polymer chain 
disassembled for example, by energy-line exposure, and the polymer chain of difficulty resolvability. 
First, micro phase separation of the sheet of a pattern formation ingredient is formed and carried out. An 
energy line is irradiated and the principal chain of one polymer phase is disassembled into this sheet. 
Next, on both sides of a separator sheet, it is stuck by pressure with a hotpress etc. according to a roll 
two roll process between a negative electrode and a positive electrode. A solvent washes the layered 
product of the electrode stuck by pressure and a separator sheet, the polymer phase which the principal 
chain decomposed is removed, and a separator sheet is porosity-ized. Under the present circumstances, 
whether it decompresses and by heating, the polymer phase which the principal chain decomposed is 
volatilized and may be removed. After fully drying this layered product, it is immersed in **** of the 
electrolytic solution containing a supporting electrolyte etc., and impregnation of the electrolytic 
solution is carried out. It pulls out to the obtained layered product, the lead wire of business etc. is closed 
with the laminate film of installation and aluminum etc., and an electrochemistry eel is manufactured. 
[0238] If acceleration voltage of an electron ray is made high enough, a separator sheet will be irradiated 
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with the electron ray which penetrated the charge collector which consists of a metal mesh, and the 
electrode active material. For this reason, after sticking an electrode and a separator by pressure, an 
electron ray can be irradiated and the polymer principal chain of a separator can also be disassembled. 
Since possibility of this approach that phase separation structure will be destroyed by sticking by 
pressure decreases, it is desirable. 

[0239] When two electrodes and separators are made to stick by pressure, in order to hold inter-electrode 
spacing, it is desirable to mix the spacer which becomes a pattern formation ingredient from metallic- 
oxide particles (silica particle etc.). As for the particle size of a metallic-oxide particle, it is desirable that 
it is about 20-90% of inter-electrode spacing. 

[0240] In order to make it easy to permeate to a separator, as a penetrant remover and an electrolytic 
solution are shown in drawing 6 , it is desirable to have the structure or porous structure in which the 
positive electrode 71 and the negative electrode 72 became intricate like the floe of a particle. In this 
case, the hole of these electrodes will be intruded the separator 73 which consists of a porous-structure 
object. The electrode of the complicated structure is producible by mixing an electrode active material 
with the binder which consists of a pattern formation ingredient, and applying to a charge collector. If 
such an electrode is used, a liquid spill can be prevented while preventing buildup of contact resistance 
with an electrolytic solution. 

[0241] As for the porous-structure object which constitutes a separator, it is desirable to have the 
structure which the domain with a radius of gyration of 50 micrometers or less which the unit cell with a 
radius of gyration of 10-500nm arranged periodically condensed. Since the diameter of a hole is nm 
order, the holdout of an electrolytic solution is hard to improve such a separator a liquid spill, and since 
there are few structural traps (hole of the dead end etc.), it is excellent also in ion conductivity. The 
porous-structure object which has the continuation hole where BAIKONTINYUASU structure was 
imprinted especially is desirable. Also among BAIKONTINYUASU structures, since the trap of the ion 
is hard to be carried out, ionic conductivity is high, and since it excels also in film reinforcement, OBDD 
structure and especially JIROIDO structure are desirable. Although especially the diameter of a hole is 
not limited, 5-200nm and further 10-100nm are desirable. Ionic conduction will be checked if the 
diameter of a hole is too small. On the contrary, if the diameter of a hole is too large, the maintenance 
ability of an electrolytic solution will fall. 

[0242] What dissolved mineral salt or organic salt in water or a polar solvent is sufficient as the 
electrolytic solution by which impregnation is carried out to a separator, and ordinary temperature mold 
fused salt is sufficient as it. In the case of a rechargeable lithium-ion battery, as an electrolytic solution, 
what dissolved lithium salt in a polar solvent or ordinary temperature mold fused salt is used. As lithium 
salt, LiPF6, LiBF4, LiC104, LiSCN, Li2B10C110, LiCF3C 02, lithium triflate, etc. are used. As a polar 
solvent, ether system solvents, such as sulfolane system solvent; 1, such as lactone system solvent; 
sulfolanes, such as carbonate system solvent; gamma-butyrolactone, such as ethylene carbonate, 
propylene carbonate, and diethyl carbonate, and 3-methyl sulfolane, 2-dimethoxyethane, and a methyl 
jig lime, etc. are used. As ordinary temperature mold fused salt, pyridinium salt, such as imidazolium 
salts, such as l-methyl-3-ethyl imidazolium triflate, and N-butyl pyridinium triflate, is used. 
[0243] As a negative electrode, what applied the mixture of negative-electrode active materials (a 
graphite, hard carbon, etc.), conductive graphite, and a binder polymer (preferably pattern formation 
ingredient) to a copper mesh is used. As a positive electrode, what applied the mixture of positive active 
material (cobalt acid lithium etc.), conductive graphite, and a binder polymer (preferably pattern 
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formation ingredient) to an aluminum mesh is used. 

[0244] The electrode may consist of a porous-structure object formed by removing one polymer phase 
selectively among the block copolymers which have micro phase separation structure in the 
electrochemistry eel of this invention. 

[0245] Such a porous electrode can form micro phase separation structure into the Plastic solid which 
consists of a block copolymer which has for example, a pyrolysis nature polymer chain and a heat- 
resistant polymer chain, and can form it by forming and porosity-izing a hole by pyrolyzing a pyrolysis 
nature polymer phase and volatilizing it. The approach of irradiating the electron ray other than a 
pyrolysis and carrying out decomposition clearance of the specific polymer phase as an approach of 
porosity-izing a Plastic solid, how dry etching removes a specific polymer phase can be used. 
[0246] It is desirable to use a carbon precursor polymer for a heat-resistant polymer phase, and to form a 
porosity carbon electrode by calcinating the porosity-ized heat-resistant polymer phase especially. A 
polyacrylonitrile, the poly methacrylonitrile, a polyimide derivative, the poly aniline derivative, a 
polypyrrole derivative, the poly thiophene derivative, a poly para-phenylene vinylene derivative, the 
poly cyclohexadiene derivative, etc. are mentioned as the example of a carbon precursor polymer. 
[0247] The Plastic solid of the block copolymer which has a carbon precursor polymer and a pyrolysis 
nature polymer is annealed, and micro phase separation structure is formed. A pyrolysis nature polymer 
phase is decomposed thermally, it removes and the porous-structure object which consists of a carbon 
precursor polymer which remained is formed. If this porous-structure object is calcinated, the porosity 
carbon electrode by which micro phase separation structure was imprinted can be obtained. When micro 
phase separation structures are cylinder structure, lamella structure, and B AIKONTINYUASU structure, 
the porosity carbon electrode containing continuation pore is obtained. Such a porosity carbon electrode 
is used suitable for the carbon negative electrode of a rechargeable lithium-ion battery, the electrode for 
fuel cells, the electrode for electric double layer capacitors, etc. Especially the porosity carbon electrode 
holding BAIKONTINYUASU structure is excellent in respect of an interfacial area or gestalt holdout. 
Also among BAIKONTINYUASU structures, OBDD structure or JIROIDO (Gyroid) structure is 
desirable. 

[0248] The porous-structure object with which micro phase separation structure was imprinted may be 
formed using the mixture of a pyrolysis nature polymer chain, the block copolymer which has a polymer 
chain with high compatibility to a carbon precursor, and a carbon precursor. It is desirable to irradiate 
energy lines, such as an electron ray, at this porous-structure object, and to make a carbon precursor 
polymer chain construct a bridge. In this case, micro phase separation structure stops being able to 
collapse, when a porous-structure object is calcinated easily. Moreover, a bridge may be constructed in 
oxidation by heat-treating in air. 

[0249] In the case of the negative electrode for rechargeable lithium-ion batteries, in the case of 500- 
1500 degrees C, the electrode for fuel cells, or the electrode for electric double layer capacitors, the 
burning temperature of a porosity structure object is 800-3000 degrees C. In order to raise the 
conductivity of a porous electrode, it is desirable to calcinate at 2000-3000 degrees C, and to advance 
graphite-ization. 

[0250] A porosity carbon electrode is also producible from the block copolymer which consists of a 
carbon precursor polymer chain and a polymer chain which forms SiO allied substances by baking. The 
polymer chain which has siloxane clusters, such as POSS (Polyhedral Oligomeric Silsesquioxane: 
polysiloxane T8 cube), etc. is mentioned to polysiloxanes, silsesquioxane, a side chain, or principal 
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chains, such as a polysiloxane which has an alkoxyl group as a polymer chain which forms SiO allied 
substances in side chains, such as polysilane which has a Si-H radical and an alkoxyl group in a side 
chain, and a poly dialkoxy siloxane. 

[0251] Baking of such a porosity carbon formation ingredient forms the nano composite of the carbon 
phase and SiO allied-substances phase with which micro phase separation structure was held. The 
porosity carbon used as a carbon electrode can be obtained by an acid, alkali treatment, etc. carrying out 
this nano composite, and carrying out decomposition clearance of the SiO phase selectively. By this 
formation approach, it can prevent that a nano hole collapses according to the heat deformation under 
baking. 

[0252] In this way, the carbon electrode which has the formed regular nano hole is good, and since the 
circumference of liquid is good, the permeability of an electrolytic solution can use it good as a carbon 
electrode of electrochemistry eels, such as a rechargeable lithium-ion battery, an electric double layer 
capacitor, and a fuel cell. Moreover, since the aperture of a hole is uniform and detailed, even if it makes 
thickness of an electrode thin, local defect structures, such as a big hole, do not arise. For this reason, it 
is advantageous to thin-shape-izing of a fuel cell etc. 

[0253] In order to produce the porosity carbon electrode which has BAIKONTINYUASU structures, 
such as OBDD structure or JIROIDO (Gyroid) structure, the volume fraction of one polymer phase in a 
block copolymer is more preferably made into 60 - 70% of range still more preferably 55 to 75% 45 to 
75% 20 to 80%. It is desirable to set up the volume fraction of one polymer phase to 62 - 67% especially 
in the case of OBDD structure. As for OTDD structure, the 3rd continuous phase is formed in the 
interface of OBDD structure. OTDD structure is formed from the triblock copolymer which consists of 
three sorts of polymer chains. When forming OTDD structure, the volume fraction of the 3rd phase is 
preferably set up to 45 - 55% 40 to 70%. simultaneous - the volume fraction of the volume fraction/B 
phase of an A phase ~ 0.7-1.3 ~ desirable — 0.9-1.1 — it is more preferably made 1. 
[0254] The porosity carbon electrode produced from the block copolymer which has micro phase 
separation structure has a different three-dimensional network from the porous structure which sintered 
the conventional particle and was produced. The three-dimensional network produced from micro phase 
separation structure has a correlation distance in all of the radius of gyration of the cross section of a 
micro domain 2root3 times and 4 times as many as this that are constituted. A correlation distance can 
be measured by for example, X-ray-small-angle-scattering measurement, neutron scattering 
measurement, light-scattering measurement, etc. The primary dispersion peak between micro domains 
appears in a radius of gyration twice the location of the cross section of a three-dimensional structure 
object. In being the three-dimensional network which the conventional particle sintered compact shows, 
the high order dispersion peak between particles appears in the location of root2 and root3 to the twice 
of the radius of gyration of a cross section. On the other hand, in the case of the three-dimensional 
network of this invention, a dispersion peak high order in the location of 2 appears as root3. 
[0255] As compared with the three-dimensional network which the conventional particle sintered 
compact shows, the three-dimensional network produced from micro phase separation structure is 
regular, and there are few structure defects. When the porous electrode in which such a regular three- 
dimensional network is shown is used as a rechargeable battery or a capacitor, the outstanding charge- 
and-discharge property and the outstanding repeat property are acquired. Moreover, also when it uses for 
a fuel cell, good output characteristics can be obtained. In addition, by changing the molecular weight of 
a block copolymer or a graft copolymer, the diameter of a hole of a porosity Plastic solid can be 
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controlled freely, and it becomes possible to produce the porous electrode according to the object. 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje (16 of 16)12/6/2007 10:30:46 AM 



JP,2001-151834,A [DETAILED DESCRIPTION] 



[0256] If a porous-structure object is constituted from a polymer of hole conductivity, such as the poly 
aniline, poly para-phenylene, the poly thiophene, and polypyrrole, or electronic conduction nature, it can 
use as an electrode of electrochemistry components, such as an electrochromic element. These can be 
used also as electrodes, such as a rechargeable lithium-ion battery, an electric double layer capacitor, 
and a fuel cell. 

[0257] The example to which a direct methanol mold carries out the fuel cell of the porosity carbon 
electrode of this invention is explained. In the fuel cell of a direct methanol mold, the carbon electrode 
of three layer systems which consist of a methanol osmosis layer, a methanol evaporation layer, and a 
catalyst bed is used, and, moreover, the optimal diameters of a hole differ by the carbon electrode of 
each class. It was difficult to form the carbon electrode of the multilayer structure from which the 
diameter of a hole was controlled by each class by the precision by the conventional carbon cross or the 
carbon particle spreading film. On the other hand, the diameter of a hole is controllable by the porosity 
carbon electrode formed from the block copolymer which has a pyrolysis nature polymer and a carbon 
precursor polymer to a precision by adjusting the molecular weight of a polymer, as mentioned already. 
Therefore, the carbon electrode of the multilayer structure from which the diameter of a hole differs, 
respectively can also be formed easily. Moreover, since it is hard to produce the defect of a very 
homogeneous and big hole etc., the hole in such a carbon electrode can be thin-film-ized, as a result it 
can thin-shape-ize the whole cel. 

[0258] The conceptual diagram of a direct methanol mold fuel cell is shown in drawing 7 . As shown in 
drawing 7 , the anode (fuel gas) side has multilayer structure which consists of the anode catalyst 
electrode 11, the porous fuel evaporation layer 12, and the porous fuel osmosis layer 13, respectively, 
the laminating of the porous cathode catalyst electrode 14 and the porous water retention gas channel 15 
is carried out, and the electrolyte membrane 16 which consists of a proton conductor between the anode 
catalyst electrode 11 and the cathode catalyst electrode 14 is inserted by the cathode (liquid fuel) side, 
respectively. 

[0259] As for the diameter of a hole of the outermost fuel osmosis layer 11 and the water retention gas 
channel 15, it is desirable to set it as 0.1 micrometers - 10 micrometers. When the diameter of a hole is 
too small, permeability and permeability are inferior, and-izing cannot be carried out [ thin film ] if too 
large. As for the diameter of a hole of 50nm - 200nm, the anode catalyst electrode 11, and the cathode 
catalyst electrode 14, it is [ the diameter of a hole of the fuel evaporation layer 12 ] desirable to set it as 
10-lOOnm. If all have a too large diameter of a hole, the fuel of a liquid condition will become easy to 
sink in, and if too small, the permeability of fuel gas will be spoiled. As for a void content, it is desirable 
that they are 60% or more and 70 more% or more in any layer. As for the thickness of the fuel 
evaporation layer 12, the anode catalyst electrode 11, and the cathode catalyst electrode 14, it is 
desirable to set it as 1-10 micrometers. If thickness is too thin, the crossover of fuel gas etc. will become 
large and effectiveness will fall. If thickness is too thick, the mass transfer in a eel will be checked and a 
big output current consistency will not be obtained. The fluorine-containing polymer and 
polybenzimidazole which have the usual sulfonic group, a metallic oxide, etc. are used for an electrolyte 
membrane 16. 

[0260] Pt particle etc. makes a cathode catalyst electrode support noble-metals particles, such as Ru 
particle, to an anode catalyst electrode. Such a particle support porous electrode is producible as follows. 
For example, after mixing the salt of noble metals, a complex, etc. to a block copolymer and forming 
micro phase separation structure, a noble-metals particle is made to generate by making reducing agents, 
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such as formalin, act, in case it porosity-izes, or calcinating under hydrogen or an inert gas ambient 
atmosphere etc. 

[0261] Moreover, you may porosity-ize, after forming and having micro phase separation structure of 
the film which consists of mixture of the A-B block copolymer which wrapped in the metal particle, and 
an A-B block copolymer. When micro phase separation structure is formed, the interface of A polymer 
phase which forms micro phase separation structure, and B polymer phase can be made to segregate the 
metal particle covered with the polymer by this approach. If this structure is porosity-ized, a noble- 
metals particle can be made unevenly distributed in the front face of the polymer phase which remained. 
Such a catalyst electrode has a large specific surface area, and since the consistency of a catalyst is high 
and fixed, it can demonstrate high catalyst ability. 

[0262] In this invention, the porosity carbon structure can be manufactured also by the approach shown 
below. This approach has the process which stiffens the precursor of the thermosetting resin in the 
process which mixes the precursor, the surfactant, the water, and the oil of thermosetting resin, and 
prepares a micro emulsion, and the colloidal particle distributed in the micro emulsion, the process 
which removes a surfactant, water, and an oil from a colloidal particle, and forms the porous-structure 
object of a thermosetting resin hardened material, and the process which carbon-izes a porous-structure 
object and forms the porosity carbon structure. By this approach, the porosity carbon structure including 
the hole arranged regularly is formed by using as mold phase separation structure formed by the 
surfactant. 

[0263] As a precursor (carbon precursor) of thermosetting resin, a phenol derivative, a resorcinol 
derivative, furfuryl alcohol, etc. are used. Cross linking agents, such as a titanium trichloride and a boric 
acid, may be added if needed. As an oil, hydrophobic solvents, such as an isooctane, a hexane, and the 
petroleum ether, are used. 

[0264] For the example of a surfactant At the end like the polyoxyethylene lauryl ether, The block 
copolymer or graft copolymer which consists of a hydrophilic polymer chain like a block copolymer and 
the hydrophobic polymer chain of polypropylene oxide and polyethylene oxide; a long-chain alkyl group 
At the long-chain alkyl chain ends, such as sodium dodecylbenzenesulfonate, Introduced polyethylene 
oxide; A sulfonate, The anionic surface active agent which introduced phosphate, carboxylate, etc.; 
Cetyl trimethylammonium chloride, Cationic surfactants, such as cetyldimethyl benzylammonium 
chloride, long-chain ammonium salt like a cetyl pyridinium star's picture, long-chain pyridinium salt, 
and a long-chain imidazolium salt; a fluorochemical surfactant etc. is contained. 
[0265] In the colloidal particle distributed in the micro emulsion, the phase separation structure of the 
precursor of thermosetting resin and a surfactant is formed. This phase separation structure has dozens 
of nm - dozens of micrometers and comparatively big size, and can form the structures or these 
composite constructions of the shape of the shape of the shape of a dot, and lamellae, the shape of a 
cylinder, and a three-dimensions mesh. Therefore, if the precursor of the thermosetting resin in a 
colloidal particle is stiffened, a surfactant, water, and an oil are removed from a colloidal particle, the 
porous-structure object of a thermosetting resin hardened material is formed and a porous- structure 
object is carbon-ized, the porosity carbon structure which has a comparatively big hole can be 
manufactured. 

[0266] Moreover, if the comparatively big phase separation structure formed using a surface active agent 
and the micro phase separation structure of SABUNANOMETA extent mentioned above are combined, 
the porosity carbon structure by which structure was controlled in the range from SABUNANOMETA 
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to dozens of micrometers hierarchical can be formed. A several micrometers hole is typically formed in 
a dozens of micrometers spherical particle, and the porosity carbon structure which has a hole dozens of 
nm or less further is obtained. When such the porosity carbon structure is applied to a rechargeable 
lithium-ion battery or an electric double layer capacitor, the nano hole of SABUNANOMETA functions 
as the occlusion site of a lithium, or an adsorption site of ion, and the hole of the size beyond it has the 
function which an electrolytic solution is made to permeate good. Therefore, a repeat property, an output 
current consistency, etc. of charge and discharge can be raised. 

[0267] In the above-mentioned approach, while using a carbon precursor as a surface active agent, 
metallic-oxide gel can be added, a micro emulsion can be prepared, and the complex which forms a 
surface active agent and the complex of metallic-oxide gel, calcinates this complex, and consists of 
carbon and metallic-oxide gel can also be formed by removing a solvent. This approach has the 
advantage that the nano hole of carbon is held good by metallic-oxide gel. An acid or alkali may remove 
metallic-oxide gel if needed. 

[0268] if the low-molecular surfactant which has the hydrophobic group which consists of a long-chain 
alkyl group as a surfactant in the above-mentioned approach is used — SABUNANOMETA- the 
cylinder-like nano hole which had complete set of about several nm aperture can manufacture the 
porosity carbon structure arranged in the shape of a honeycomb. As for the average aperture of a hole, it 
is desirable that they are 0.1-10nm and further 0.3-5nm. The anionic surface active agent which 
introduced a sulfonate, phosphate, carboxylate, etc. into the example of a low-molecular surface active 
agent at the end of long-chain alkyl chains, such as sodium dodecylbenzenesulfonate; cationic surface 
active agents, such as long-chain ammonium salt, such as cetyl trimethylammonium chloride, 
cetyldimethyl benzylammonium chloride, and a cetyl pyridinium star's picture, long-chain pyridinium 
salt, and a long-chain imidazolium salt, etc. are contained. When honeycomb-like porosity carbon is 
used as a carbon negative electrode of a rechargeable lithium-ion battery, since occlusion of the lithium 
is efficiently carried out to a nano hole, high capacity-ization can be realized. When using honeycomb- 
like porosity carbon as a carbon electrode of an electric double layer capacitor, capacity can be increased 
by forming the diameter of a nano hole to the same extent as an electrolytic ionic radius. The occlusion 
ability of gas, such as hydrogen, of honeycomb-like porosity carbon is also high. 
[0269] In the above-mentioned approach, if what has two or more long-chain alkyl groups as a 
surfactant is used, the fibrous or needlelike carbon structure is producible. Such the carbon structure can 
be used as a filler for a gas occlusion ingredient, addition of conductivity, or a consolidation etc. 
Needlelike carbon can be used suitable for the emitter of FED. 

[0270] In the above-mentioned approach, if a perylene derivative is used as a carbon precursor, 
needlelike carbon or honeycomb-like porosity carbon is producible. 9, 10-2 permutation perylene imide, 
etc. which introduced into the end polyether radicals, such as a long-chain alkyl group which has 
hydrophilic radicals, such as an ionicity radical or hydroxyl, a carboxyl group, and a sulfonic group, or 
an oligo ethylene oxide radical, are contained in the example of a perylene derivative. If a perylene 
derivative is used, the structure where the column which a perylene frame forms, and the column of 
substituents, such as a long-chain alkyl group and a polyether radical, have been arranged by turns will 
be formed. If this structure is calcinated, the column of a substituent will volatilize selectively and 
needlelike carbon or honeycomb-like porosity carbon will be obtained. Metallic-oxide sols, such as a 
silica sol, may be made to live together by this approach. When forming the nano structure of a carbon 
precursor under existence of a surface active agent into the liquid phase, since nano structure will not be 
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destroyed during desiccation if supercritical drying is performed, it is desirable. 
[0271] The case where the porous-structure object of this invention is applied to the precision filter of 
the shape of the shape of a sheet and a hollow filament is explained. Such a filter can be manufactured as 
follows, for example. First, a sheet or a hollow filament is produced with the melting extrusion method 
using the cast method or a mouthpiece using the pattern formation ingredient which consists of a block 
copolymer which has the polymer chain disassembled by energy-line exposure. On the front face of the 
tube which consists of a homopolymer decomposed by energy-line exposure, DIP coating of the pattern 
formation ingredient may be carried out. Then, phase separation structure is formed into the film by 
annealing if needed. As for this phase separation structure, what has continuous phase structures, such as 
cylinder structure and BAIKONTINYUASU structure, is desirable, and it is desirable. [ of the 
B AIKONTINYUASU structure excellent in especially film reinforcement ] There are OBDD structure, 
JIROIDO structure, T-surface structure, lamellae catenoid structure, etc. as BAIKONTINYUASU 
structure. The small OBDD structure of flow resistance and especially JIROIDO structure are desirable. 
Thus, an electron ray is irradiated and one polymer phase of phase separation structure is decomposed 
into the sheet or the hollow filament in which phase separation structure was formed. Then, a sheet or a 
hollow filament is etched and the filter of the shape of the shape of a sheet and a hollow filament is 
manufactured. 

[0272] As for the porous-structure object which constitutes the filter formed from the pattern formation 
ingredient of this invention, it is desirable to have the structure which the domain with a radius of 
gyration of 50 micrometers or less which has the periodic porous structure which consists of a unit cell 
with a radius of gyration of 10-500nm condensed, the inside of periodic porous structure ~ even when - 
what has the continuation hole of BAIKONTINYUASU phase separation structure where the plane 1 
was removed at least is desirable, and especially the porous- structure object of OBDD structure or 
JIROIDO structure from which the plane 1 was removed at least is desirable. Although especially the 
diameter of a hole is not limited, it is desirable that they are 5-200nm and further 10-50nm. If the 
diameter of a hole is too small, flow resistance becomes large and cannot use it practical as a filter. If the 
diameter of a hole is too large, dispersion in the diameter distribution of a hole also becomes large, and 
cannot be too used practical as a filter. 

[0273] As for the filter concerning this invention, it is more desirable to have unsymmetrical structure. It 
is good for thickness to consider as the asymmetric membrane by which the pattern formation ingredient 
of this invention was used and thickness formed the thin filter layer on the thick big porous membrane of 
the diameter of a hole concrete comparatively. With such unsymmetrical structure, improvement in a 
mechanical strength and relief of flow resistance can be reconciled. The porous membrane with thick 
thickness and the big diameter of a hole can be formed as follows. For example, using the mixture of the 
homopolymer which has the respectively same structure as each polymer chain which constitutes the 
pattern formation ingredient of this invention, a sheet or a hollow filament is produced and porous 
membrane is produced by removing at least one sort of homopolymers. Selective etching by mere 
solvent extraction ;RIE in order to remove a homopolymer; approaches, such as an energy-line exposure 
of an electron ray etc., solvent extraction which follows it, and pyrolysis volatilization, can be used. 
Then, the pattern formation ingredient applied to this invention by DIP coating is formed in the front 
face of this porous membrane. Then, the filter of the shape of the shape of a sheet which has 
unsymmetrical structure, and a hollow filament is manufactured using the approach same with having 
mentioned above. 
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[0274] Moreover, after forming a pattern formation ingredient in the front face of the tube which 
consists of mixture of a homopolymer by DIP coating, it is dramatically effective, when the big porous 
membrane and the thickness of the diameter of a hole whose thickness is about 0.5-5 micrometers 
thickly form a thin filter layer simultaneously, are good also as unsymmetrical structure and raise a 
transmission rate comparatively by an energy-line exposure and etching. 

[0275] The filter of this invention can be suitably used as the filtration film, permeable membrane, gas 
permeation membrane, a reverse osmotic membrane, ultrafiltration membrane, a membrane filter, and 
blood purification film. In addition, in many cases, to these applications, it is used with the gestalt of a 
filter module. 

[0276] The case where the porous-structure object of this invention is applied to the porosity fiber which 
has the super- thin fiber of the nanometer order of 10-100nm of sizes and the hole of nanometer order is 
explained. Such super-thin fiber and porosity fiber can be manufactured as follows, for example. First, 
the precursor fiber of the diameter of 10-100 micrometer is produced with the melting extrusion method 
using a mouthpiece etc. using the pattern formation ingredient which consists of a block copolymer 
which has the polymer chain disassembled by energy-line exposure. Precursor fiber may be woven and 
you may make it textiles. Then, phase separation structure is formed into fiber by annealing if needed. 
As for this phase separation structure, what has continuous phase structures, such as sea island structure, 
cylinder structure, lamella structure, and BAIKONTINYUASU structure, is desirable. Thus, it etches, 
after irradiating an energy line especially an electron ray, a gamma ray, or an X-ray and decomposing 
the plane 1 of phase separation structure into the precursor fiber or textiles in which phase separation 
structure was formed, and super-thin fiber and porosity fiber are manufactured. 

[0277] The relation between the phase separation structure of a pattern formation ingredient, and super- 
thin fiber and porosity fiber which are produced is as follows. In sea island structure, the porosity fiber 
which has an independent hole is formed in fiber. With cylinder structure, the super-thin fiber of the size 
of nanometer order with a diameter of about 10-200nm can be formed. In lamella structure, the super- 
thin fiber of a thin film integrated circuit with a thickness of about 10-200nm is formed. With 
BAIKONTINYUASU structure, the porosity fiber which the unit cell with a magnitude of about 10- 
200nm arranged periodically is formed. 

[0278] Such super-thin fiber and porosity fiber may be made to contain the plasticizer mentioned 
already, an antioxidant, a photodegradation inhibitor, a coloring agent (a color, pigment), an antistatic 
agent, an electric conduction agent, lubricant, a release agent, a flame retarder, a fire-resistant assistant, 
etc. 

[0279] Since the textiles produced from the super-thin fiber and porosity fiber or these fiber of this 
invention have large surface area, they can be used for support media, such as various filters and 
bacteria, deordorization material, adsorption material, eradication material, a repellent, etc. Moreover, 
the textiles produced from the fiber of this invention have the aesthetic property and the touch which are 
not in the conventional textiles. 

[0280] In this invention, a mass capacitor is also producible. This approach has the process which forms 
the film which consists of mixture with the polymer, block copolymer, or graft copolymer which 
wrapped in the metal particle, the process which makes the core of each polymer layer of lamella 
structure segregate the metal particle which was made to carry out micro phase separation of said film, 
formed lamella structure, and was covered with the polymer, and the process which is made to condense 
said metal particle and forms a metal layer in the core of each polymer layer of lamella structure. 
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[0281] This approach is explained with reference to drawing 8 (A) - (C). In this drawing, in 21, an A-B 
block copolymer and 22 show A or B homopolymer, and 23 shows a metal particle. First, it mixes with 
an A-B block copolymer, A polymer which wrapped in the metal particle, and B polymer which 
wrapped in the metal particle, as for block polymer, lamella structure is acquired - as ~ a presentation 
ratio — 70:30-30:70 — the thing of the range of 55:45-45:55 is used more preferably. It dissolves in a 
solvent and the cast of this ingredient is carried out slowly. The low solvent of a solvent of the boiling 
points, such as THF, an acetone, and toluene, is desirable. Flattening of the front face of the film which 
carried out the cast is carried out, and it extends with a roller so that thickness may be set to about 0.1- 
lmm. Let this be the 1st film. 

[0282] Moreover, the mixture of A homopolymer and A polymer which wrapped in the metal particle is 
dissolved in a solvent, and the cast film is produced. Let this be the 2nd film. Similarly the mixture of B 
homopolymer and B polymer which wrapped in the metal particle is dissolved in a solvent, and the cast 
film is produced. Let this be the 3rd film. 

[0283] The 2nd film, the 1st film, and the 3rd film are piled up in order, and it anneals in oven. Lamella 
structure is formed of micro phase separation, the metal particle from which the metal particle covered 
with A polymer was covered with B polymer by the A phase is segregated to a B phase, respectively, 
and a metal particle is located in the core of each polymer layer of lamella structure. Next, temperature 
is raised, the principal chain of the polymer which has covered the metal particle comes loose, and the 
metal layer which the metal particle condensed and followed is formed. Actually, it is thought that 
migration and condensation of two metal particles have taken place simultaneously between this 
annealing. The spatter of the metal thin film is carried out to both sides of the produced film, and it 
considers as an electrode, and cuts in the magnitude of membranous arbitration. 

[0284] By this approach, the layer structure with uniform spacing can be formed easily. Since the phase 
separation of block polymer is used, many layers can produce only from annealing the lamella structure 
which carried out the laminating by turns in self-organization. At this time, a metal can be arranged at 
the core of the layer made according to phase separation structure. Moreover, a metal layer does not 
short-circuit for the layer structure. By this approach, inter-electrode distance which a capacitor counters 
can be shortened dramatically, and, moreover, can be held at equal intervals. For this reason, the very 
high engine performance is shown compared with the conventional capacitor which can accumulate a 
big charge into the small volume. 
[0285] 

[Example] This invention is concretely explained based on an example below. However, this invention 
is not limited only to these examples. 

[0286] a [synthetic example] living anionic polymerization method ~ the jib of a (Polystyrene PS)- 
polymethyl methacrylate (PMMA) ~ the lock copolymer (1) was compounded. Respectively mol 
KYURA sieves and an activated alumina were thrown into the styrene monomer and the methyl- 
methacrylate monomer, it was left for two days, and moisture and inhibitor were removed. After 
carrying out vacuum distillation of these monomers, the argon permutation of the ambient atmosphere 
was carried out. As a reaction solvent, Dehydration THF (Wako Pure Chem make) was prepared, 
metallic sodium was put in as a dehydrating agent, and reflux was performed for two days, sec-butyl 
lithium (product made from the Kanto chemistry) was used as a polymerization initiator. 
[0287] The application-of-pressure reactor (proof-pressure glass company make) was used as 
polymerization equipment. During the reaction, it considered as the argon application-of-pressure 
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ambient atmosphere of four atmospheric pressures, and careful attention was paid so that the open air 
might not go into the interior of the system of reaction. The argon was fed into the reactor for 
Dehydration THF and a polymerization initiator with the sink. Next, the system of reaction was cooled 
at -78 degrees C by dry ice ethanol. It is little ****** about a styrene monomer to this system of 
reaction. After checking that a reaction solution presents orange, the reaction was continued for 30 
minutes, the amount of additions of a styrene monomer required to acquire the block of the polystyrene 
which carries out small quantity omission appearance of the reaction solution, measures molecular 
weight with gel permeation chromatography (GPC), and has desired molecular weight based on the 
measured molecular weight was calculated. The styrene monomer was added based on this count, and it 
was made to react for 30 minutes. It was checked that the molecular weight of a request of a reaction 
solution by the little draw and GPC had been obtained. Subsequently, after adding 1 [ little ] and 1- 
diphenylethylene, the methyl-methacrylate monomer of a complement was dropped at acquiring the 
block of the polymethyl methacrylate which has desired molecular weight, and it was made to react to it 
for 30 minutes. It was checked that the molecular weight of a request of a reaction solution by the little 
draw and GPC had been obtained. The reactor was opened, after carrying out little dropping of the 
methanol and stopping a reaction, after dropping reaction mixture into a methanol and reprecipitating 
and filtering it ~ drying — a jib — the lock copolymer (1) was obtained. 

[0288] a jib — polystyrene was [ 65000 and the polymethyl methacrylate of the molecular weight of each 
block which constitutes a lock copolymer (1) ] 13200. Moreover, molecular weight distribution (Mw/ 
Mn) were 1.04. 

[0289] the following examples ~ a jib ~ the jib of PS-PMMA other than a lock copolymer (1) ~ 
although a lock copolymer may be used - these jibs - the lock copolymer is compounded by the living 
anionic polymerization method completely like the above-mentioned synthetic example except having 
changed the amount of a styrene monomer and the methyl-methacrylate monomer used. 
[0290] a [example 1] 2 % of the weight jib ~ after dissolving the lock copolymer (1) in propylene glycol 
monoethyl ether acetate (PGMEA) and filtering this solution, the spin coat was carried out by 2500rpm 
on the SiO substrate of the diameter of 3 inch. The substrate was heated for 90 seconds at 1 10 degrees C, 
and the solvent was made to evaporate. Then, the substrate was put into oven, and annealing was 
continuously performed at 135 degrees C by 210 degrees C into nitrogen-gas-atmosphere mind for 10 
hours for 10 minutes. It is temperature just before decomposition of an acrylic starts, and flattening of 
the film is carried out by short-time annealing, and 210 degrees C of hysteresis behind a spin coat can be 
blot out. moreover ~ if it anneals at the temperature of about 135 degrees C — a jib — the micro phase 
separation of a lock copolymer advances efficiently, and the micro phase separation film is formed. 
[0291] Reactive ion etching (RIE) was performed to this sample on condition that CF4, O.Oltorr, 
progressive wave 150W, and reflected wave 30W. On this etching condition, the etch rate of PS and 
PMMA which constitute the micro phase separation film becomes 1:4 or more, PMMA is etched 
selectively, and the substrate which exposed as a mask the pattern of PS which remained further is 
etched. Then, to this sample, ashing was performed on condition that 02, O.Oltorr, progressive wave 
150W, and reflected wave 30W, and the organic substance (mask which consists of PS) was removed. 
[0292] Consequently, it was mostly formed at equal intervals all over the SiO substrate of the diameter 
of 3 inch by the diameter of 12nm, and the consistency square [ of whose holes with a depth of 15nm / 
1 ] is about 700 per mu m. This substrate can be used for the substrate for hard disks etc. 
[0293] moreover, a jib - 10% of the weight of dioctyl phthalate was added as a plasticizer to the lock 
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copolymer (1), except having made heat treatment conditions into 1 hour at 135 degrees C continuously 
by 210 degrees C for 10 minutes, the micro phase separation film was formed like the above, and RIE 
was performed on the same conditions as the above. Consequently, the pattern of the hole same to a 
substrate as the above has been formed, thus, a jib ~ heat treatment time amount was able to be 
substantially shortened by adding a plasticizer to a lock copolymer. 

[0294] By the same approach as the [example 2] example 1, the micro phase separation film was formed 
on the glass substrate. The electron ray was irradiated completely [ package ] with the acceleration 
voltage of 50kV, and the dose of 100microC/cm2 at this micro phase separation film, and the principal 
chain of PMMA was cut. After developing this micro phase separation film for 60 seconds with the 
developer for electron beams resist (3:7 mixed solutions of MIBK and IP A), the rinse was carried out by 
IPA and PMMA from which the principal chain was cut by the electron ray was removed. Next, the 
substrate was etched for 1 minute by fluoric acid by using the pattern which uses PS which remained as 
a principal component as a mask. Then, ultrasonic cleaning was performed in the acetone and the mask 
which remained was removed. 

[0295] Consequently, it was mostly formed at equal intervals all over the glass substrate by the diameter 
of 15nm, and the consistency square [ of whose holes with a depth of 12nm / 1 ] is about 700 per mu m. 
Thus, if this approach is used, all processes can be carried out with wet. This substrate as well as the 
case of an example 1 can be used for the substrate for hard disks etc. 

[0296] When the X-ray with a wavelength of 0.154nm was irradiated by dose 1 J/cm2 instead of 
irradiating an electron ray and also pattern formation was performed similarly, it was able to form 
mostly square [ of holes with a diameter / of 15nm /, and a depth of 12nm / 1 ] at equal intervals by the 
consistency of about 700 per mu m all over the glass substrate too. 

[0297] [an example 3] - a jib ~ a lock copolymer (2) - (- polystyrene: - the micro phase separation 
film was formed using Mw=10600, polymethyl-methacrylate:Mw=35800, and Mw/Mn=1.07) on the 
magnetic film formed on the substrate of the diameter of 3 inch by the same approach as an example 1. 
The electron ray was irradiated at this micro phase separation film, and the principal chain of PMMA 
was cut. This micro phase separation film was developed with the developer for electron beams resist, 
and PMMA from which the principal chain was cut by the electron ray was removed. Next, the magnetic 
film was etched for 1 minute with the hydrochloric acid by using the pattern which uses PS which 
remained as a principal component as a mask. Then, ultrasonic cleaning was performed in the acetone 
and the mask which remained was removed. 

[0298] Consequently, it was mostly formed at equal intervals all over the substrate by the diameter of 
15nm, and the consistency square [ of whose magnetic films of the letter of a projection with a height of 
12nm / 1 ] is about 650 per mu m. If this approach is used, a magnetic film can be directly processed 
with a wet method, and it can leave island shape. 

[0299] On the [example 4] quartz substrate, the spin coat of the polystyrene film with a thickness of 
500nm was carried out as lower layer pattern transfer film, and the aluminum film with a thickness of 
lOnm was vapor-deposited as upper pattern transfer film on it. this aluminum film top ~ a jib ~ the spin 
coat of a lock copolymer (3), and (polystyrene:Mw=144600, polymethyl-methacrylate:Mw=70700, Mw/ 
Mn=1.07) was carried out to the thickness of 80nm. Subsequently, annealing was performed like the 
example 1 and the micro phase separation film was formed. 

[0300] To this sample, RIE was performed on condition that CF4, O.OlTorr, progressive wave 150W, 
and reflected wave 30W, PMMA of the micro phase separation film was etched selectively, and the 
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aluminum film was etched by using as a mask the pattern of PS which remained further. Then, the mask 
which performs ashing on condition that 02, O.Oltorr, progressive wave 150W, and reflected wave 30W, 
and consists of PS which remained, and the polystyrene film exposed in the part into which the 
aluminum film was etched were removed to this sample. To this sample, R1E was again performed on 
condition that CF4, O.Oltorr, progressive wave 150W, and reflected wave 30W, and the upper aluminum 
film and the exposed upper quartz substrate were etched. To this sample, ashing was again performed on 
condition that 02, O.Oltorr, progressive wave 150W, and reflected wave 30W, and the polystyrene film 
which remained was etched. 

[0301] Consequently, square [ of holes with a dramatically high aspect ratio called the diameter of 
1 lOnm and a depth of 1200nm / 1 ] was formed in the whole surface of a quartz substrate by the 
consistency of 35 per mu m. 

[0302] Si02 film of 500nm of thickness was formed on the [example 5] silicon wafer. The pattern 
transfer film which the toluene solution of the polysilane (Mw=12000, x= 0.4) shown with the following 
chemical formula, and consists of polysilane of lOOnm of thickness was formed on Si02 film. [ apply 
and ] 
[0303] 

[Formula 12] 




[0304] this pattern transfer film top - a jib - a lock copolymer (4), and (polystyrene:Mw=12000, 
polymethyl-methacrylate:Mw=28000) were applied, and the micro phase separation film with a 
thickness of 40nm was formed. [ 90 degrees C ] [ for 2 minutes ] 

[0305] To this sample, RIE was performed on condition that CF4, O.OlTorr, progressive wave 150W, 
and reflected wave 30W, and PMMA of the micro phase separation film was etched selectively. Next, 
the polysilane film was etched by having used the pattern of PS which remained as the mask on 
condition that HBr flow rate 50sccm, degree of vacuum 80mTorr, and excitation power 200W, and the 
pattern was imprinted. It turned out that the mask which consists of PS remains in the upper part of the 
polysilane film which remained, and it has sufficient etching velocity ratio. Next, Si02 film was etched 
by having used the polysilane film pattern as the mask on condition that C4F8 flow-rate 50sccm, CO 
flow rate lOsccm, Ar flow rate lOOsccm, 02 flow-rate 3sccm, degree of vacuum lOmTorr, and 
excitation power 200W, and the pattern was imprinted. It turned out that the polysilane film remains on 
the Si02 film which remained, and it has sufficient etching resistance. The remaining polysilane film 
was able to exfoliate easily with the organic alkali water solution or the rare fluoric acid solution. 
[0306] The golden electrode was vapor-deposited on the glass substrate of the diameter of 10 inch used 
as the substrate of a [example 6] field emission display (FED), the SiO film was applied as lower layer 
pattern transfer film on it on the whole surface, and the aluminum film was further vapor-deposited in 
thickness of 20nm as upper pattern transfer film on it. next, a jib ~ it blended by the weight ratio 21:79, 
and a lock copolymer (5), (polystyrene:Mw=127700, polymethyl-methacrylate:Mw=l 103000, Mw/ 
Mn=1.30), and a polystyrene homopolymer (Mw=45000, Mw/Mn=1.07) were filtered, after dissolving 
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in ethylcellosolve acetate (ECA) so that solid content may become 5 % of the weight. Carried out the 
spin coat of this solution on the aluminum film, it was made to dry at 1 10 degrees C, and the polymer 
film of 970nm of thickness was formed. Like the example 1, the substrate was put into oven, into 
nitrogen-gas-atmosphere mind, annealing was continuously performed at 135 degrees C by 210 degrees 
C for 10 hours for 10 minutes, and the micro phase separation film was formed. 

[0307] To this sample, R1E was performed on condition that CF4, O.Oltorr, progressive wave 150W, and 
reflected wave 30W, PMMA of the micro phase separation film was etched selectively, the aluminum 
film of a substrate was etched by having used as the mask the pattern of PS which remained further, and 
the pattern was imprinted. The exposed SiO film was etched by fluoric acid by having used the pattern 
of PS, and the pattern of the aluminum film as the mask, and the pattern was imprinted. Since the pattern 
of the aluminum film is protected by the pattern of PS, breakage is not received. Then, ashing was 
performed by 02 Usher and the pattern of PS which remained was removed. 
[0308] Consequently, about 23000 holes with a diameter of about 840nm per 
300micrometerxl00micrometer pixel were able to be formed on the substrate. Distribution of the 
magnitude of a hole was equal to less than **10%. this — a jib — it is the effectiveness by the molecular 
weight of a lock copolymer having gathered, moreover — the inside of the polymer film used as a mask 
~ the inside of the sea of a styrene homopolymer ~ a jib — since the lock copolymer existed, 
arrangement of the formed hole was random. For this reason, it is advantageous to preventing generating 
of the interference fringe which originates in regular arrangement of an electrode for the application of a 
display. 

[0309] The structure formed by the approach of this example is also applicable to gate electrodes, such 
as not only a field emission display (FED) but a porous gate transistor display. 

[0310] moreover, a jib ~ 10% of the weight of dioctyl phthalate was added as a plasticizer to the mixture 
of a lock copolymer and a polystyrene homopolymer, except having made heat treatment conditions into 
1 hour at 135 degrees C continuously by 210 degrees C for 10 minutes, the micro phase separation film 
was formed like the above, and RIE was performed on the same conditions as the above. Consequently, 
the pattern of the same hole as the above has been formed on the substrate. Thus, heat treatment time 
amount was able to be substantially shortened by adding a plasticizer. 

[031 1] a [example 7] 10 % of the weight jib — filled the solution which dissolved a lock copolymer (6), 
and (polystyrene Mw= 135000, PMMA:Mw=61000, Mw/Mn=1.10) in THF on the Teflon petri dish, and 
applied for 14 days within the desiccator, it was made to dry slowly, and the film was formed. The 
thickness of this film was 0.2mm. The vacuum drying of this film was carried out for three more days. 
The super-thin film was cut down from this film, and it observed with the transmission electron 
microscope. Consequently, it was checked that the BAIKONTINYUASU structure of a three dimension 
where PS phase and the PMMA phase continued, respectively is formed. 

[0312] An electron ray is irradiated with the acceleration voltage of 2MV, and the dose of lOkGy at this 
film, and the vacuum drying was carried out after developing negatives with the developer for electron 
beams resist to which IPA was added and the solubility of PS was reduced. The super-thin film was cut 
down from this film, and it observed with the transmission electron microscope again. Consequently, the 
PMMA phase was removed and the structure which PS phase followed in the shape of sponge was 
observed. It was checked that this structure is almost equivalent to the BAIKONTINYUASU structure 
of the three dimension observed first. 

[0313] This film is constituted by PS phase which continued in three dimension through the regular 
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continuation hole of nanometer order. Such structure is applicable to a polymer battery, the separator of 
a capacitor, etc. 

[0314] a [example 8] 1 % of the weight jib ~ dissolve the lock copolymer (1) in the methylene chloride 
- after passing, 1% of the weight of tetrabutylammonium hexa chloro PURACHINETO (IV) of polymer 
weight was added. The cast of this solution was carried out on the SiO substrate of the diameter of 3 
inch, and the film with a thickness of 20nm was formed. The substrate was heated for 90 seconds at 1 10 
degrees C, and the solvent was made to evaporate. Then, the substrate was put into oven, into nitrogen- 
gas-atmosphere mind, annealing was performed at 150 degrees C for 3 hours, and the micro phase 
separation film was formed. At this time, tetrabutylammonium hexa chloro PURACHINETO (IV) 
segregates in PMMA. After carrying out the rinse of this micro phase separation film with formaldehyde 
reduction liquid, it annealed at 200 degrees C again for 1 hour, and tetrabutylammonium hexa chloro 
PURACHINETO (IV) was returned to platinum. 

[0315] To this sample, RIE was performed on condition that CF4, O.Oltorr, progressive wave 150W, and 
reflected wave 30W, PMMA was etched selectively, and the SiO substrate of a substrate was etched by 
using as a mask the pattern of PS which remained further. Then, ashing was performed on condition that 
02, O.Oltorr, progressive wave 150W, and reflective liquid 30W, and PS mask which remained was 
removed. 

[0316] Consequently, it was mostly formed at equal intervals all over the SiO substrate of the diameter 
of 3 inch by the diameter of 15nm, and the consistency square [ of whose holes with a depth of lOnm / 
1 ] is about 2000 per mu m, and the platinum particle was carrying out deposition to the pars basilaris 
ossis occipitalis of a hole further. If this substrate is used, since it can use as a nucleus the platinum 
which carried out deposition to the pars basilaris ossis occipitalis of a hole, for example, the magnetic 
substance can be grown up, it is applicable to the substrate for hard disks. 

[0317] a [example 9] 1 % of the weight jib ~ dissolve the lock copolymer (1) in DMF ~ after passing, 
the DMF solution which dissolved 1 % of the weight of tetrabutylammonium hexa chloro 
PURACHINETO (IV) of polymer weight was added, and it equalized. The DMF solution of the 
hydrogenation sodium borate was added to this solution, tetrabutylammonium hexa chloro 
PURACHINETO (IV) was returned, and the platinum particle with a mean particle diameter of 4nm was 
deposited. The spin coat of this solution was carried out on the SiO substrate of the diameter of 3 inch, 
and the film with a thickness of 25nm was formed. The substrate was heated for 90 seconds at 110 
degrees C, and the solvent was made to evaporate. Then, the substrate was put into oven, into nitrogen- 
gas-atmosphere mind, annealing was performed at 200 degrees C for 3 hours, and the micro phase 
separation film was formed. At this time, a platinum particle segregates in PMMA. 
[0318] To this sample, RIE was performed on condition that CF4, O.Oltorr, progressive wave 150W, and 
reflected wave 30W, PMMA was etched selectively, and the SiO substrate of a substrate was etched by 
using as a mask the pattern of PS which remained further. Then, ashing was performed on condition that 
02, O.Oltorr, progressive wave 150W, and reflected wave 30W, and PS mask which remained was 
removed. 

[0319] Consequently, it was mostly formed at equal intervals all over the SiO substrate of the diameter 
of 3 inch by the diameter of 17nm, and the consistency square [ of whose holes with a depth of lOnm / 
1 ] is about 2000 per mu m, and the platinum particle was carrying out deposition to the pars basilaris 
ossis occipitalis of a hole further. If this substrate is used, since it can use as a nucleus the platinum 
which carried out deposition to the pars basilaris ossis occipitalis of a hole, for example, the magnetic 
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substance can be grown up, it is applicable to the substrate for hard disks. 

[0320] a [example 10] 1 % of the weight jib ~ dissolve the lock copolymer (1) in the methylene chloride 
~ after passing, 1% of the weight of the tetrabromo golden (III) cetyl pyridinium salt of polymer weight 
was added. The cast of this solution was carried out on the SiO substrate of the diameter of 3 inch, and 
the film with a thickness of 20nm was formed. The substrate was heated for 90 seconds at 110 degrees 
C, and the solvent was made to evaporate. Then, the substrate was put into oven, into nitrogen-gas- 
atmosphere mind, from 100 degrees C to 200 degrees C, it applied for 3 hours, temperature up was 
carried out, annealing was performed, and the micro phase separation film was formed. Tetrabromo 
golden (III) SERUCHI pyridinium salt is returned by this annealing, and a golden particle deposits. At 
this time, a golden particle segregates in PMMA. 

[0321] To this sample, RIE was performed on condition that CF4, O.Oltorr, progressive wave 150W, and 
reflected wave 30W, PMMA was etched selectively, and the SiO substrate of a substrate was etched by 
using as a mask the pattern of PS which remained further. Then, ashing was performed on condition that 
02, O.Oltorr, progressive wave 150W, and reflected wave 30W, and PS mask which remained was 
removed. 

[0322] Consequently, it was mostly formed at equal intervals all over the SiO substrate of the diameter 
of 3 inch by the diameter of 15nm, and the consistency square [ of whose holes with a depth of lOnm / 
1 ] is about 2000 per mu m, and the gold grain was carrying out deposition to the pars basilaris ossis 
occipitalis of a hole further. Generation of a platinum particle was also possible by the same approach. If 
this substrate is used, since it can make it nuclei, such as platinum which carried out deposition to the 
pars basilaris ossis occipitalis of a hole, for example, the magnetic substance can be grown up, it is 
applicable to the substrate for hard disks. 

[0323] [Example 11] The amino-group termination polymethylmethacrylate (Mw=19600, Mw/ 
Mn=1.03) shown with the carboxyl group termination polystyrene (Mw=83000, Mw/Mn=1.08) shown 
with a chemical formula (1 la) as two sorts of telechelic polymers and a chemical formula (1 lb) was 
mixed equimolar every, and it dissolved in PGMEA so that it might become 2 % of the weight in total, 
polystyrene and PMMA are reacted in this solution — making ~ a jib — the lock copolymer was made to 
generate After filtering this solution, the spin coat was carried out by 2500rpm on the SiO substrate of 
the diameter of 3 inch. The substrate was heated for 90 seconds at 110 degrees C, and the solvent was 
made to evaporate. Then, the substrate was put into oven, into nitrogen-gas-atmosphere mind, annealing 
was continuously performed at 135 degrees C by 210 degrees C for 10 hours for 10 minutes, and the 
micro phase separation film was formed. 

[0324] To this sample, RIE was performed on condition that CF4, O.Oltorr, progressive wave 150W, and 
reflected wave 30W, PMMA of the micro phase separation film was etched selectively, and the SiO 
substrate of a substrate was etched by using as a mask the pattern of PS which remained further. Then, 
ashing was performed on condition that 02, O.Oltorr, progressive wave 150W, and reflected wave 30W, 
and PS mask which remained was removed. 

[0325] Consequently, it was mostly formed at equal intervals all over the SiO substrate of the diameter 
of 3 inch by the diameter of 25nm, and the consistency square [ of whose holes with a depth of 16nm / 
1 ] is about 1000 per mu m. 
[0326] 

[Formula 13] 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje (12 of 19)12/6/2007 10:31:22 AM 





2 (lib) 



[0327] The hydroxyl-group termination poly dimethylsiloxane (Mw=16800, Mw/Mn=1.10) shown with 
the dimethyl chlorosilyl group termination polystyrene (Mw=85000, Mw/Mn=1.04) shown with a 
[example 12] chemical formula (12a) and a chemical formula (12b) was mixed equimolar every, and 
still more nearly little triethylamine was added, and it dissolved in PGMEA so that it might become 2 % 
of the weight in total, polystyrene and poly dimethylsiloxane are reacted under existence of 
triethylamine into this solution — making ~ a jib — the lock copolymer was made to generate After 
filtering this solution, the spin coat was carried out by 2500rpm on the SiO substrate of the diameter of 3 
inch. The substrate was heated for 90 seconds at 110 degrees C, and the solvent was made to evaporate. 
Then, the substrate was put into oven, into nitrogen-gas-atmosphere mind, annealing was continuously 
performed at 135 degrees C by 210 degrees C for 10 hours for 10 minutes, and the micro phase 
separation film was formed. 

[0328] RIE was performed to this sample on condition that CF4, O.Oltorr, progressive wave 150W, and 
reflected wave 30W. On this etching condition, 1:4 or more are the etch rate of PS and poly 
dimethylsiloxane. Consequently, the poly dimethylsiloxane of the micro phase separation film is etched 
selectively, and the SiO substrate of a substrate is etched by using as a mask the pattern of PS which 
remained further. Then, ashing was performed on condition that 02, O.Oltorr, progressive wave 150W, 
and reflected wave 30W, and PS mask which remained was removed. 

[0329] Consequently, it was mostly formed at equal intervals all over the SiO substrate of the diameter 
of 3 inch by the diameter of 25 nm, and the consistency square [ of whose holes with a depth of 17nm / 
1 ] is about 1000 per mu m. 
[0330] 

[Formula 14] 
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[0331] the approach of [example 13] S.Demoustier-Champagne and others (Part A: Journal of Polymer 
Science: Polymer Chemistry, Vol.31, 2009-2014 (1993)) -- the jib of polyphenyl methylsilane- 
polystyrene - the lock copolymer (polyphenyl methylsilane: Mw=12000, polystyrene :Mw=48 000, Mw/ 
Mn=2.1) was compounded. 

[0332] 1.5% of the weight of a jib ~ after dissolving in toluene and filtering a lock copolymer, the spin 
coat was carried out by 2500rpm on the SiO substrate of the diameter of 3 inch. The substrate was 
heated for 90 seconds at 110 degrees C, and the solvent was made to evaporate. Then, the substrate was 
put into oven, into nitrogen-gas-atmosphere mind, annealing was continuously performed at 135 degrees 
C by 210 degrees C for 10 hours for 10 minutes, and the micro phase separation film was formed. 
[0333] RIE was performed to this sample on condition that CF4, O.Oltorr, progressive wave 150W, and 
reflected wave 30W. On this etching condition, 1:4 or more are the etch rate of PS and polysilane. 
Consequently, the polysilane of the micro phase separation film is etched selectively, and the SiO 
substrate of a substrate is etched by using as a mask the pattern of PS which remained further. Then, 
ashing was performed on condition that 02, O.Oltorr, progressive wave 150W, and reflected wave 30W, 
and PS mask which remained was removed. 

[0334] Consequently, it was mostly formed at equal intervals all over the SiO substrate of the diameter 
of 3 inch by the diameter of 12nm, and the consistency square [ of whose holes with a depth of lOnm / 
1 ] is about 2400 per mu m. 

[0335] the jib shown with a chemical formula (14c) by the living anionic polymerization method using 
mask TOJISHIREN shown with a chemical formula (14a) as a [example 14] monomer, and the phenyl 
methacrylate shown with a chemical formula (14b) ~ the lock copolymer was compounded. 
Specifically, it compounded by setting reaction temperature as -78 degrees C, using sec-butyl lithium as 
an initiator, and carrying out sequential addition of the monomer into THF. this jib ~ lock copolymers 
were weight-average-molecular- weight Mw=70500, Mw/Mn=1.2, molecular- weight =14500 of a 
polysilane block, and molecular-weight =56000 of a polyphenyl methacrylate block. 
[0336] 1.5% of the weight of a jib ~ after dissolving in toluene and filtering a lock copolymer, the spin 
coat was carried out by 2500rpm on the SiO substrate of the diameter of 3 inch. The substrate was 
heated for 90 seconds at 110 degrees C, and the solvent was made to evaporate. Then, the substrate was 
put into oven, into nitrogen-gas-atmosphere mind, annealing was continuously performed at 135 degrees 
C by 210 degrees C for 10 hours for 10 minutes, and the micro phase separation film was formed. 
[0337] RIE was performed to this sample on condition that CF4, O.Oltorr, progressive wave 150W, and 
reflected wave 30W. On this etching condition, the polysilane of the micro phase separation film is 
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etched selectively, and the SiO substrate of a substrate is etched by using as a mask the pattern of the 
polyphenyl methacrylate which remained further. Then, ashing was performed on condition that 02, 
O.Oltorr, progressive wave 150W, and reflected wave 30W, and the polyphenyl methacrylate which 
remained was removed. 

[0338] Consequently, it was mostly formed at equal intervals all over the SiO substrate of the diameter 
of 3 inch by the diameter of 14nm, and the consistency square [ of whose holes with a depth of lOnm / 
1 ] is about 2400 per mu m. 
[0339] 

[Formula 15] 

n-Bu 
,n-Bu 

(14a) 




Me 



(14b) 



Me n-Bu 
I I 
-Si— Si 



Me n-Bu 




(14c) 



[0340] azobisuisobutironitoriru was added to the solution which dissolved in THF the styrene end 
polyethylene oxide macromere (Mw=14100, Mw/Mn=1.04) and styrene which are shown with a 
[example 15] chemical formula (15a) as a radical initiator, under argon atmosphere, it heats for 60 hours, 
the radical polymerization was carried out at 60 degrees C, and the graft copolymer was compounded. 
This graft copolymer was weight-average-molecular- weight Mw=101000, Mw/Mn=2.1, molecular- 
weight =16400 of a styrene chain, and molecular- weight =84600 of a polyethylene oxide macromere 
unit. 

[0341] After dissolving in ethyl lactate and filtering 2% of the weight of a graft polymer, the spin coat 
was carried out by 2500rpm on the SiO substrate of the diameter of 3 inch. The substrate was heated for 
90 seconds at 110 degrees C, and the solvent was made to evaporate. Then, the substrate was put into 
oven, into nitrogen-gas-atmosphere mind, annealing was continuously performed at 135 degrees C by 
210 degrees C for 10 hours for 10 minutes, and the micro phase separation film was formed. 
[0342] R1E was performed to this sample on condition that CF4, O.Oltorr, progressive wave 150W, and 
reflected wave 30W. On this etching condition, the polyethylene oxide of the micro phase separation 
film is etched selectively, and the SiO substrate of a substrate is etched by using as a mask the pattern of 
PS which remained further. Then, ashing was performed on condition that 02, O.Oltorr, progressive 
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wave 150W, and reflected wave 30W, and PS mask which remained was removed. 

[0343] Consequently, the projection with a diameter [ of 18nm ] and a height of lOnm was able to be 

innumerably formed on the substrate. 

[0344] 

[Formula 16] 



[0345] [Example 16] The electrolyte separator of an electrochemistry eel was produced as follows, first, 
a jib — the lock copolymer was compounded, the jib which carries out sequential addition of an isoprene 
and the methyl methacrylate by making alpha-styryl lithium into an initiator, and consists of a 
polyisoprene chain and a polymethylmethacrylate chain into anhydrous [ which was distilled under 
existence of metallic sodium / THF ] — the lock copolymer was compounded, this jib — lock copolymers 
were weight-average-molecular- weight Mw=81000, Mw/Mn=1.3, and weight fraction =67% of a 
polyisoprene unit. 

[0346] this jib ~ the solution of a lock copolymer was prepared and the film was obtained by casting. 
This film was annealed at 130 degrees C under the nitrogen air current for 5 hours, and micro phase 
separation structure was formed. When observed by TEM, the JIROIDO structure where the diameter of 
puncturing was about 40nm was formed. 

[0347] The polyisoprene phase was made to construct a bridge, while irradiating an electron ray with the 
acceleration voltage of 2MV, and the dose of lOkGy at the film which has JIROIDO structure and 
cutting the principal chain of a polymethylmethacrylate phase (gelation). This film was washed in the 
MIBK-isopropyl alcohol (volume ratio 3:7) mixed solvent, and the polymethylmethacrylate phase was 
removed. When observed by TEM, JIROIDO structure was held and, as for the film, it turned out that it 
is the porosity which has a continuation hole. 

[0348] After carrying out impregnation of the LiC104 (anhydride) / the propylene carbonate solution of 
concentration 1M to this porosity film, it pierced in diameter of 0.5cm, and the electrolyte impregnation 
porosity film with a thickness of about 50 micrometers was obtained. The eel was constituted from a 
platinum electrode across both sides of this electrolyte impregnation porosity film, and the alternating 
current impedance was measured on the frequency of 30MHz - 0.05Hz in the room temperature using 
the impedance gain phase analyzer 1260 (Schlumberger Instruments). And it asked for ionic 
conductivity from sigma= (1/R) (d/s). Area (cm2) and d of the electric resistance of the film called for 
here from the alternating current impedance by which R was measured, and s are thickness (cm). This 
porosity film showed 4.2mScm-l and good ionic conductivity at 25 degrees C. This porosity film held 
the electrolytic solution good, and liquid sagging did not produce it. 

[0349] moreover, the above-mentioned jib ~ a lock copolymer solution - a jib - the electrolytic 
solution impregnation porosity film was produced by the same approach as the above except having 
distributed the 3wt(s)% silica particle (TOKUSHIRUP, Tokuyama Soda Co., Ltd. make) to the lock 
copolymer. This porosity film showed 4.5mScm-l and good ionic conductivity at 25 degrees C. 
[0350] These results showed that the electrolytic-solution impregnation porosity film of this example 
had the property which was excellent as an electrolyte separator of electrochemistry eels, such as a 
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rechargeable lithium-ion battery, and an electrochromic cell, a coloring matter sensitization mold photo- 
electric-translation eel like GURETTSUERUSERU. 

[0351] the jib which consists of the same polyisoprene chain as having used in the [example 17] 
example 16, and a polymethylmethacrylate chain — the electrolyte separator of an electrochemistry eel 
was produced by extrusion molding as follows using the lock copolymer. 

[0352] a jib - small quantity (it is about 1 % of the weight to a polymer) was vulcanized to the lock 
copolymer, and it dissolved in dimethylformamide (DMF), and considered as the undiluted solution for 
extrusion molding. The viscosity of this undiluted solution was 2400 mPa-s at 40 degrees C. the sheet 
die which has the mouthpiece of a rectangle with a slit width of 60 micrometers for this undiluted 
solution — the inside of 40%DMF water solution — breathing out ~ a jib ~ the sheet of a lock copolymer 
was produced. This sheet was annealed at 130 degrees C under the nitrogen air current for 5 hours, and 
phase separation structure was acquired. Then, it annealed at 150 degrees C for 5 hours, and the bridge 
was constructed in the polyisoprene chain. The electron ray was irradiated with the acceleration voltage 
of 2MV, and the dose of lOkGy. This sheet was washed in the MIBK-isopropyl alcohol (volume ratio 
3:7) mixed solvent, and the porosity sheet was obtained. 

[0353] After carrying out impregnation of the LiC104 (anhydride) / the propylene carbonate solution of 
concentration 1M to this porosity sheet, it pierced in diameter of 0.5cm, and the electrolytic solution 
impregnation porosity sheet with a thickness of about 50 micrometers was obtained. Like the example 
16, when the ionic conductivity of this electrolytic solution impregnation porosity sheet was measured, 
4.6mScm-l and good ionic conductivity were shown. 

[0354] the jib which consists of the same polyisoprene chain as having used in the [example 18] 
example 16, and a polymethylmethacrylate chain ~ the electrolyte separator of an electrochemistry eel 
was produced by melting extrusion molding as follows using the lock copolymer. 
[0355] a jib — the mixture which added the 2wt(s)% phenolic antioxidant (Sumi Reiser BP-76, 
Sumitomo Chemical Co., Ltd. make) to the lock copolymer was kneaded at 180 degrees C, and the pellet 
was prepared, the sheet die which supplies this pellet to an extruder, fuses at 190 degrees C, and has a 
rectangular mouthpiece — breathing out — a jib — the sheet of a lock copolymer was produced. After 
annealing this sheet at 130 degrees C under a nitrogen air current for 5 hours, the electron ray was 
irradiated with the acceleration voltage of 2MV, and the dose of lOkGy. This sheet was washed in the 
MIBK-isopropyl alcohol (volume ratio 3:7) mixed solvent, and the porosity sheet was obtained. 
[0356] After carrying out impregnation of the LiC104 (anhydride) / the propylene carbonate solution of 
concentration 1M to this porosity sheet, it pierced in diameter of 0.5cm, and the electrolytic solution 
impregnation porosity sheet with a thickness of about 50 micrometers was obtained. Like the example 
16, when the ionic conductivity of this electrolytic solution impregnation porosity sheet was measured, 
4.1mScm-l and good ionic conductivity were shown. 

[0357] [Example 19] The hollow filament filter was produced as follows, the jib of (Polystyrene PS)- 
polymethylmethacrylate (PMMA) ~ the propylene glycol methyl ether acetate (PGMEA) solution of a 
lock copolymer (7), and (Mw=75000, polystyrene unit weight fraction =68%, Mw/Mn=1.03) was 
prepared. DIP coating of this solution was carried out at the hollow filament of polymethylmethacrylate. 
After air-drying this hollow filament at 70 degrees C, it annealed at 135 degrees C under the nitrogen air 
current for 10 hours. Then, the electron ray was irradiated with the acceleration voltage of 2MV, and the 
dose of lOkGy at the hollow filament. This hollow filament was washed in the MIBK-isopropyl alcohol 
(volume ratio 3:7) mixed solvent, and the porosity hollow filament was obtained. The obtained porosity 
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hollow filament is 600 micrometers in the bore of 500 micrometers, and outer diameter, and the wall 
surface had become the porosity by which the phase separation structure of the OBDD mold of 35nm of 
apertures was imprinted. 

[0358] [Example 20] The hollow filament filter was produced as follows. The PGMEA solution of 
polystyrene (Mw=51000, Mw/Mn=1.03) and the blend polymer (weight ratio 6:4) of 
polymethylmethacrylate (Mw=72000, Mw/Mn=L06) was prepared. DIP coating of this solution was 
carried out at the hollow filament of polymethylmethacrylate. After air-drying this hollow filament at 70 
degrees C, it annealed at 135 degrees C for 1 hour, and the coat film of 45 micrometers of thickness was 
formed in the bottom of a nitrogen air current, moreover, the jib of the same PS-PMMA as having used 
in the example 19 ~ the PGMEA solution of a lock copolymer (7) was prepared. DIP coating of this 
solution was carried out at the above-mentioned hollow filament. This hollow filament was air-dried at 
70 degrees C, and the coat film of 5 micrometers of thickness was formed. This hollow filament was 
annealed at 135 degrees C under the nitrogen air current for 10 hours. Then, the electron ray was 
irradiated with the acceleration voltage of 2MV, and the dose of lOkGy at the hollow filament. This 
hollow filament was washed in the MIBK-isopropyl alcohol (volume ratio 3:7) mixed solvent, and the 
porosity hollow filament was obtained. The obtained porosity hollow filament is 600 micrometers in the 
bore of 500 micrometers, and outer diameter, and the wall surface had become the unsymmetrical 
membrane structure formed from the porous outer layer where the phase separation structure of the 
OBDD mold of 35nm of apertures was imprinted, and the porous inner layer which has the continuation 
pore of about 0.5-1 micrometer of apertures. 

[0359] the jib of [example 21] (polystyrene PS)-poly tertiary butyl acrylate (PtBA) ~ the lock copolymer 
was prepared, a 2wt(s)% jib - the lock copolymer was dissolved in PGMEA. this solution ~ a jib ~ 
naphthyl IMIJIRU trifluoromethane sulfonate was added as a photo-oxide generating agent so that it 
might become 1.5wt(s)% to a lock copolymer. The spin coat of this solution was carried out on the glass 
substrate, on the hot plate, it was made to dry for 3 minutes at 110 degrees C, and the film of lOOnm 
thickness was formed. 

[0360] this glass substrate ~ a stepper — installing — a jib — the lock copolymer film was exposed by i 
line (365nm). In the exposure section, the acid was generated from naphthyl IMIJIRU trifluoromethane 
sulfonate, this acid was made into the catalyst, the tertiary butyl of PtBA was decomposed, and it 
changed to polyacrylic acid. This glass substrate was put into oven, it annealed at 160 degrees C for 1 
hour, and micro phase separation structure was formed into the film. 

[0361] Next, RIE by CF4 gas was performed. Although the micro domain of polyacrylic acid was etched 
easily and the glass substrate under it was also further etched in the exposure section, PS remained 
without being etched. It remained in the unexposed part, without etching PS and PtBA. Consequently, 
the pattern of a hole with a diameter of about 90nm was formed only in the exposure section. 
[0362] the jib of [example 22] (polystyrene PS)-polymethylmethacrylate (PMMA) ~ the lock copolymer 
was prepared, a 2wt(s)% jib ~ the lock copolymer was dissolved in PGMEA. The spin coat of this 
solution was carried out on the glass substrate, on the hot plate, it was made to dry for 3 minutes at 1 10 
degrees C, and the film of lOOnm thickness was formed. This glass substrate was put into oven, 135 
degrees C performed annealing succeedingly at 210 degrees C into nitrogen-gas-atmosphere mind for 10 
hours for 10 minutes, and micro phase separation structure was formed into the film. 
[0363] this glass substrate — electron-beam-irradiation equipment (EX-8D: Toshiba make) — installing 
- a jib ~ the lock copolymer film was exposed with the electron ray, and the principal chain of PMMA 
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was cut. This film was developed with the developer for electron beams resist (3:7 mixed solutions of 
MIBK and IP A). Although PMMA from which the principal chain was cut was removed in the exposure 
section, PS remained without being etched. It remained in the unexposed part, without etching PS and 
PMMA. Next, the exposed glass substrate was etched for 1 minute by fluoric acid by using the pattern of 
the polymer which remained as a mask. Then, it cleaned ultrasomcally in the acetone and the pattern of 
an extant polymer was removed. Consequently, the pattern of a hole with a diameter of about 90nm was 
formed only in the exposure section. 
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0364] [an example 23] ~ a jib — the solution of a lock copolymer (1) ~ a jib — except having added 
0.1% of the weight of the phenolic antioxidant (Sumi Reiser BP-101, Sumitomo Chemical Co., Ltd. 
make) to the lock copolymer, it annealed in nitrogen-gas-atmosphere mind like the example 1, and the 
micro phase separation film was formed on the 3 inch SiO substrate. 

[0365] When the infrared absorption spectrum was measured about the micro phase separation film after 
annealing, by this micro phase separation film, it turned out that the chemistry denaturation of the 
oxidation accompanying annealing etc. is controlled. 

[0366] Then, the SiO substrate was etched by using the micro phase separation film as a mask like the 
example 1. Consequently, it was able to form for the diameter of 12nm all over the SiO substrate, and 
was able to form mostly square [ of holes with a depth of 18nm / 1 ] at equal intervals by the consistency 
of about 2000 per mu m. the formed hole ~ an example 1 ~ comparing — deep ~ a hole — dispersion in 
the distance of a between was halved. 

[0367] the jib accompanying annealing by adding an anti-oxidant as mentioned above — the oxidization 
denaturation of a lock copolymer was able to be controlled and pattern formation ability and an etching 
property were able to be raised. 

[0368] Moreover, even when annealing was performed in air, like the above, it was able to form for the 
diameter of 12nm all over the SiO substrate, and was able to form mostly square [ of holes with a depth 
of 18nm / 1 ] at equal intervals by the consistency of about 2000 per mu m. the jib which has not added 
the anti-oxidant on the other hand ~ the depth of the hole formed on the substrate when it annealed in air 
using a lock copolymer solution and the micro phase separation film was formed ~ lOnm ~ shallow - a 
hole - spacing of a between also varied comparatively. By adding an antioxidant as mentioned above, 
good patterning formation equivalent to the bottom of a nitrogen air current was able to be performed 
also in air. 

[0369] Moreover, pattern formation was performed like the above instead of the phenolic antioxidant as 
an antioxidant, using respectively SANORU LS-770 (Sankyo Co., Ltd. make) which is Sumi Reiser 
TPM who is Sumi Reiser P-16 who is the Lynn system antioxidant, ADEKA stub PEP-24G, and a sulfur 
system antioxidant, Sumi Reiser TP-D (all are the Sumitomo Chemical Co., Ltd. make), and a HALS 
system antioxidant. Even when which antioxidant was used, irrespective of whether the ambient 
atmosphere at the time of annealing is nitrogen, or it is air, as compared with the example 1, the depth of 
a hole increased about 20% and dispersion in spacing of a hole was also controlled. 
[0370] [an example 24] — a jib — the solution of a lock copolymer (1) ~ a jib ~ the ester mold anti- 
oxidant shown with 0.1% of the weight of the following chemical formula to a lock copolymer was 
added, except having performed annealing in air, like the example 2, the micro phase separation film 
was formed on the 3 inch SiO substrate, and pattern formation was performed. Consequently, the same 
good pattern as an example 2 was able to be formed. 
[0371] 

[Formula 17] 
OH O 




[0372] Moreover, Sumi Reiser GA-80, Sumi Reiser BP-101, Sumi Reiser BP-76 which are a phenolic 
antioxidant instead of an ester mold antioxidant as an antioxidant (all are the Sumitomo Chemical Co., 
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Ltd. make), 3, 5-G tert-butyl-4-hydroxytoluene (BHT), Sumi Reiser P-16, ADEKA stub PEP-24G which 
are the Lynn system anti-oxidant, Pattern formation was performed like the above, using respectively 
SANORU LS-770 (Sankyo Co., Ltd. make) of a Sumi Reiser [ of a sulfur system antioxidant ] TPM, 
Sumi Reiser TP-D (all are Sumitomo Chemical Co., Ltd. make), and HALS system. Even when which 
antioxidant was used, the same good pattern as an example 2 was able to be formed. 
[0373] In addition, when annealing was performed in air, without adding an antioxidant, the magnitude 
of the hole of the formed pattern and dispersion of spacing increased, the case where it anneals in air 
from the above result ~ a jib ~ it turned out that it is effective to add the antioxidant of a lock 
copolymer. 

[0374] Sumi Reiser GA-80, Sumi Reiser BP-101, Sumi Reiser BP-76 which are a phenolic antioxidant 
as a [example 25] antioxidant (all are the Sumitomo Chemical Co., Ltd. make), Sumi Reiser P-16, 
ADEKA stub PEP-24G which are BHT, the above-mentioned ester mold anti-oxidant, and the Lynn 
system anti-oxidant, SANORU LS-770 (Sankyo Co., Ltd. make) which is Sumi Reiser TPM who is a 
sulfur system antioxidant, Sumi Reiser TP-D (all are the Sumitomo Chemical Co., Ltd. make), and a 
HALS system antioxidant was prepared. 

[0375] 0.1% of the weight of the antioxidant was added to the polysilane which forms the pattern 
transfer film, and patterning of a pattern transfer process and Si02 film was performed like the example 
5 except having performed annealing for forming micro phase separation in air. Consequently, also 
when which antioxidant was used, the depth of the hole formed in Si02 film was able to be increased 
about 30% as compared with the example 5. 

[0376] Sumi Reiser GA-80, Sumi Reiser BP-101, Sumi Reiser BP-76 which are a phenolic antioxidant 
as a [example 26] antioxidant (all are the Sumitomo Chemical Co., Ltd. make), Sumi Reiser P-16, 
ADEKA stub PEP-24G which are BHT, the above-mentioned ester mold anti-oxidant, and the Lynn 
system anti-oxidant, SANORU LS-770 (Sankyo Co., Ltd. make) which is Sumi Reiser TPM who is a 
sulfur system antioxidant, Sumi Reiser TP-D (all are the Sumitomo Chemical Co., Ltd. make), and a 
HALS system antioxidant was prepared. 

[0377] a jib — 0.1% of the weight of the antioxidant was added to the lock copolymer, and pattern 
formation was performed like the example 13 except having performed annealing for forming micro 
phase separation in air. Consequently, also when which antioxidant was used, the depth of the hole 
formed in a SiO substrate was able to be increased about 20% as compared with the example 13. 
[0378] In addition, when annealing was performed in air, without adding an antioxidant, the magnitude 
of the formed hole and dispersion of spacing increased, and also the depth of a hole decreased about 
20%. the case where it anneals in air from the above result ~ a jib - it turned out that it is effective to 
add the antioxidant of a lock copolymer. 

[0379] The example which manufactures the field emission display (FED) component shown in 
[example 27] drawing 9 is explained, the cathode which consists of metal thin films, such as niobium 
(Nb), molybdenum (Mo), or aluminum (aluminum), on the insulating substrates 101, such as glass, ~ a 
conductor 102 is formed, photolithography - this cathode - some conductors 102 are etched and the 
extraction section of the rectangle whose one side is about 40-100 micrometers is formed, this cathode ~ 
a conductor 102 - a wrap - the resistive layer 103 with a thickness of about 0.5-2.0 micrometers is 
formed with a spatter or a CVD method like. The silicon which doped In 203, Fe203, ZnO, the NiCr 
alloy, or the impurity as an ingredient of this resistive layer 103 is used. As for the resistivity of a 
resistive layer 103, it is desirable to be referred to as about 1x101 to lxl06-ohmcm. 
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[0380] Patterning of this resistive layer 103 is carried out by the wet etching by alkali solutions, such as 
ammonia, or reactive ion etching (RIE) by fluorine system gas, and two or more terminal area 103 A is 
formed, next, a spatter or a CVD method ~ a cathode — a conductor 102 and a resistive layer 103 ~ a 
wrap ~ the insulating layer 104 which consists of diacid-ized silicon of about 1.0 micrometers of 
thickness like is formed, furthermore, the gate which consists of Nb of about 0.4 micrometers of 
thickness, Mo, etc. on an insulating layer 104 by the spatter ~ a conductor 105 is formed. 
[0381] Next, patterning of the resist (Tokyo adaptation make OFPR800,100cp) is carried out, and the 
intersection of gate wiring and emitter wiring is protected, continuing - the approach of an example 6 - 
following ~ the gate — a conductor 105 top ~ a jib — after carrying out the spin coat of the solution of a 
lock copolymer (5) and a polystyrene homopolymer and drying, annealing is performed and the micro 
phase separation film is formed, the pattern of PS which performed RIE using CF4 gas, etched PMMA 
of the micro phase separation film selectively to this micro phase separation film, and remained further 
— a mask ~ carrying out ~ the gate ~ a conductor 105 is etched and a pattern is imprinted. Then, ashing 
is performed by 02 Usher and the organic substance which remained is removed, in this way, the gate ~ 
the opening 106 of a large number with a diameter of about 840nm is formed in a conductor 105. By 
RIE using the gas of the wet etching or the CHF3 grade using buffered fluoric acid (BHF) etc., it 
removes until a resistive layer 103 exposes the insulating layer 104 of opening 106. 
[0382] Subsequently, stratum disjunctum is formed by carrying out the slanting vacuum evaporationo of 
the aluminum using electron beam (EB) vacuum deposition. With EB vacuum deposition, on stratum 
disjunctum, the forward vacuum evaporationo of the molybdenum is carried out perpendicularly, 
molybdenum is deposited in the shape of a cone in opening 106, and an emitter 107 is formed. Then, 
exfoliation liquid, such as phosphoric acid, removes stratum disjunctum, and a FED component as 
shown in drawing 9 is manufactured. 

[0383] The example which manufactures the FED component shown in [example 28] drawing 10 is 
explained. 14 inches of vertical angles and the Pyrex glass substrate 201 with a thickness of 5mm were 
defecated, and the front face was damaged by plasma treatment. To parallel, the emitter wiring 202 with 
a width of face of 350 micrometers was produced in 450-micrometer pitch in the direction of a long side 
of this glass substrate 201. Under the present circumstances, the every 2 inches field was used as the 
margin for wiring ejection, respectively from both sides parallel to the direction of the emitter wiring 
202 of a substrate 201, and patterning was performed so that the emitter wiring 202 might not be formed 
in this field. The PVA film was applied, through the mask, it exposed by ultraviolet rays 
(photopolymerization) and negatives were specifically developed, and patterning was carried out so that 
it might leave the PVA film to the field during the emitter wiring 202. The patterning precision at this 
time was 15 micrometers. After growing up 50nm nickel film with nonelectrolytic plating, the lift off of 
the PVA film and the nickel film on it was carried out. 1 -micrometer Au film was grown up with 
electrolysis plating by using the remaining nickel film as an electrode. 

[0384] 1 micrometer of Si02 film 203 was grown up as an insulating layer by the LPD method. 
Although many particle defects were included in this Si02 film 203, that consistency was about 1000 
per 1 square cm, and was level which is satisfactory practically. Although the film formed on Au was a 
little darkish, per micrometer, 100V, it had taken and pressure-proofing was level which is satisfactory 
practically. This Si02 film 203 has covered the level difference section of Au-nickel wiring to 
conformal one, and the outcrop of Au did not exist. After growing up 30nm Pd film on Si02 film 203 
with nonelectrolytic plating, 200nm Ir film was grown up and the gate film was made to form with 
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electrolysis plating. Next, patterning of the gate film was carried out in the direction of a shorter side of 
a substrate, and the gate wiring 204 with a width of face of 110 micrometers was formed in 150- 
micrometer pitch. Under the present circumstances, the every 2 inches field was used as the margin for 
wiring ejection, respectively from both sides parallel to the direction of the gate wiring 204 of a 
substrate 201, and patterning was performed so that the gate wiring 204 might not be formed in this 
field. The PVA film was applied like the above, through the mask, it exposed by ultraviolet rays 
(photopolymerization) and negatives were developed, patterning was specifically carried out so that it 
might leave the PVA film on the gate wiring 204, and etching clearance of the field which has exposed 
the remainder was carried out. The patterning precision at this time was 15 micrometers similarly. 
[0385] Next, patterning for removing until the emitter wiring 202 exposes some of gate wiring 204 and 
Si02 film 203, and forming the almost circular opening 205 was performed. There are two reasons for 
separate **** about patterning of the gate wiring 204, and patterning of opening 205. Since the path of 
opening 205 is about 1 micrometer, one is because it is necessary to use the patterning approach which 
has the resolution of about 1 micrometer optically, opening 205 is not necessarily orderly and another is 
arranged --****-- about 1 — it is because only the number with the opening 205 about equal in each 
pixel which has a diameter [ like ] of puncturing should exist. 

[0386] Specifically, patterning of opening 205 was performed as follows, a jib — it filtered, after having 
blended the lock copolymer (polystyrene: Mw=150700, polyacrylic acid t-butyl:Mw=1033000, Mw/ 
Mn=1.30) and the polystyrene homopolymer (Mw=45000, Mw/Mn=1.07) by the weight ratio 21:79, 
having dissolved them in the cyclohexanone so that solid content might become 5 % of the weight, and 
adding 1% of naphthyl imide triflate as a photo-oxide generating agent to solid content. Carried out the 
spin coat of this solution on the gate wiring 204, it was made to dry at 110 degrees C, and the polymer 
film of 970nm of thickness was formed. Except for the intersection of the gate wiring 204 and the 
emitter wiring 202, only the field which forms opening 205 was exposed by g line, and the acid was 
generated from the photo-oxide generating agent. The sample was paid to oven, and while performing 
annealing at 150 degrees C for 1 hour and forming the micro phase separation film into nitrogen-gas- 
atmosphere mind, the acid decomposed the Pori t-butyl acrylate of an exposure part, and it was made 
polyacrylic acid. In addition, as a result of a reflow's happening at the time of annealing, the thickness of 
the polymer film was set to 1 micrometer on the gate wiring 204. The whole substrate was immersed in 
the alkali solution for 3 minutes, the part of the "island" of polyacrylic acid was removed, the rinse was 
carried out with pure water, and the gate wiring 204 was exposed. By RIE, the gate wiring 204 was 
etched, Si02 film 203 under it was etched further, and the emitter wiring 202 was exposed. 
[0387] Next, film deposition of the resistive layer 206 was carried out into opening 205 with the 
electrophoresis method. This activity was done by dividing emitter wiring of 100 lines at a time. What 
mixed the poly imide particle (PI R&D make) with a particle size of lOOnm and the carbon particle 
containing fullerene with a particle size of lOnm by the weight ratio of 1000:1 as an ingredient of a 
resistive layer 206 was used. This mixture 0.4wt% was distributed to the distributed solvent (made in 
Exxon Chemical, Isopar L). moreover - as a metal salt ~ a naphthenic-acid zirconium (Dainippon Ink & 
Chemicals make) - polyimide and carbon particle mixture — receiving — 10wt(s)% - it added. The 
substrate 201 was immersed into dispersion liquid, spacing of 100 micrometers was separated from the 
substrate 201, the counterelectrode has been arranged, the emitter wiring 202 was grounded, and +100V 
were impressed to the counterelectrode, impressing a supersonic wave. Immediately after electrical- 
potential-difference impression, although a several mA current began to flow, a current is decreased 
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exponentially and is no longer observed after 2 minutes. Film deposition of all the electrical resistance 
materials that were being distributed in the distributed solvent at this event was carried out on the 
substrate 201. Then, the opposite substrate was grounded, +50 V were impressed to the gate wiring 204, 
and the particle which adhered on the gate wiring 204 was made to migrate in a solvent, and was 
removed. Furthermore, the emitter wiring 202 was made to fix a resistive layer 206 by performing 
annealing at 300 degrees C into nitrogen-gas-atmosphere mind. 

[0388] Next, film deposition of the particle emitter layer 207 was carried out with the electrophoresis 
method like the above. As an ingredient of the particle emitter layer 207, the cubic boron nitride particle 
(the Showa Denko make, product name SBN-B) with a particle size of lOOnm was prepared. After 
carrying out rare hydrofluoric acid treatment of this BN particle, hydrogen plasma treatment was carried 
out at 450 degrees C. The same solvent as having used for the film deposition of a resistive layer was 
made to distribute this BN particle 0.2wt%. moreover, a naphthenic-acid zirconium ~ BN particle ~ 
receiving ~ 10wt(s)% — it added. After ****(ing) BN particle by the same approach as the above, the 
particle which adhered on the gate wiring 204 was removed. Furthermore, the resistive layer 206 was 
made to fix the particle emitter layer 207 by performing annealing at 350 degrees C among a hydrogen 
ambient atmosphere. 

[0389] The face plate 211 with which the anode electrode layer 212 and the fluorescence layer 213 
which consist of ITO were formed was attached through the spacer 208 with a height of 4mm to the 
obtained electron emission component array, and it installed in the vacuum chamber. The inside of a 
vacuum chamber was decompressed to 10-6Torr with the turbo molecular pump. Anode potential was 
set as 3500V. Each set non-choosing the emitter wiring 202 and the gate wiring 204 to 0V. Bias of the 
selected emitter wiring 202 and the selected gate wiring 204 was carried out to -15 V and +15V, 
respectively. Consequently, electron emission happened and the luminescent spot was checked on the 
fluorescence layer 213. Two or more pixels were chosen over the whole viewing area of a display, and 
brightness was measured on the same conditions. Consequently, dispersion in brightness was settled to 
less than 3%. 

[0390] [Example 29] The preliminary trial was performed in order to use first the porosity film produced 
from the block copolymer as a separator of a rechargeable lithium-ion battery, the jib which consists of a 
polyvinylidene fluoride chain and a polymethylmethacrylate chain — a lock copolymer (weight-average- 
molecular-weight Mw=79000, Mw/Mn=2.2, a polyvinylidene fluoride weight fraction = 66%) ~ a 
solvent ~ dissolving ~ a jib ~ the 3wt(s)% silica (TOKUSHIRUP, Tokuyama Soda Co., Ltd. make) was 
added to the lock copolymer, this solution — casting - a jib ~ the cast film of a lock copolymer was 
obtained. This cast film was heat-treated at 130 degrees C under the nitrogen air current for 5 hours, and 
phase separation structure was formed into the cast film. The B AIKONTINYUASU structure of about 
40nm of open apertures was formed from TEM observation. While irradiating the electron ray with the 
acceleration voltage of 2MV, and the dose of lOkGy and decomposing the polymethylmethacrylate 
phase into this cast film, the polyvinylidene fluoride phase was made to construct a bridge and it gelled. 
This film was washed in ethyl acetate and the polymethylmethacrylate phase was removed. TEM 
observation showed that this film was the porosity film which has a continuation hole holding 
B AIKONTINYUASU structure. 

[0391] LiPF6 anhydride was dissolved in the propylene carbonate-dimethyl carbonate mixed solvent 
(1:1), and the electrolytic solution of 1M was prepared. After carrying out impregnation of the 
electrolytic solution to a porosity film with a thickness of about 50 micrometers obtained above, it 
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pierced in a circle with a diameter of 0.5cm. The eel was constituted from a platinum electrode across 
both sides of this electrolytic solution impregnation porosity film, and the alternating current impedance 
was measured on the frequency of 30MHz - 0.05Hz with the room temperature with the impedance gain 
phase analyzer (Schlumberger Instruments, 1260). Consequently, 25 degrees C showed 4mScm-l and 
good ionic conductivity. Moreover, the electrolytic solution was held good at the porosity film, and 
liquid sagging did not produce it. 

[0392] Next, the rechargeable lithium-ion battery was produced as follows. LiCo02 was used as positive 
active material. LiCo02 was heated at 300 degrees C under argon atmosphere for 3 hours, and it dried, 
then, LiCo02, conductive carbon black, and the above — a jib ~ the lock copolymer was mixed by the 
weight ratio 85:10:5, and little DMF was added and kneaded into this mixture. This kneading object was 
applied and dried to homogeneity on 20 micrometers in thickness, and a 4cmx4.5cm aluminum mesh, 
and the positive electrode with a thickness of about 50 micrometers was produced. The amount of 
LiCoO duplexs per unit area of the obtained positive electrode was 17 mg/cm2. Positive-active-material 
capacity was 150 mAh/g. 

[0393] The hard carbon (difficulty graphitized carbon) which calcinated furfuryl alcohol resin at 1100 
degrees C as a negative-electrode active material was used. Hard carbon was heated at 600 degrees C 
under argon atmosphere for 3 hours, and it dried, hard carbon, conductive carbon black, and the above — 
a jib - the lock copolymer was mixed by the weight ratio 85: 10:5, and little DMF was added and 
kneaded into this mixture. This kneading object was applied and dried to homogeneity on 20 
micrometers in thickness, and a 4cmx4.5cm copper mesh, and the negative electrode with a thickness of 
about 50 micrometers was produced. The hard carbon weight per unit area of the obtained negative 
electrode was 7 mg/cm2. Negative-electrode active material capacity was 300 mAh/g. 
[0394] said jib - a lock copolymer ~ a solvent ~ dissolving ~ a jib ~ the 3wt(s)% silica 
(TOKUSHIRUP, Tokuyama Soda Co., Ltd. make) was added to the lock copolymer, this solution ~ the 
cast — carrying out ~ a jib — the cast film of a lock copolymer was obtained. After heat-treating a 
positive electrode, a negative electrode, and a cast film at 130 degrees C under a nitrogen air current for 
5 hours, respectively, the electron ray was irradiated with the acceleration voltage of 2MV, and the dose 
of lOkGy. After carrying out a laminating to the order of a positive electrode, a cast film, and a negative 
electrode, the hotpress was carried out, it was stuck by pressure, and the layered product was produced, 
this layered product ~ the inside of ethyl acetate — washing — a jib — the methyl methacrylate phase of a 
lock copolymer was removed. Vacuum heating of this layered product was carried out at 70 degrees C 
for 20 hours, it dried, and the cellular structure object was produced. LiPF6 anhydride was dissolved in 
the propylene carbonate-dimethyl carbonate mixed solvent (1:1), and the electrolytic solution of 1M was 
prepared. The cellular structure object was immersed in the electrolytic solution, and impregnation of 
the electrolytic solution was carried out to the cellular structure object. This cellular structure object was 
closed under the package and the argon air current with water proof and an airtight aluminum laminate 
film. The external electrode terminal was prepared in the negative electrode and the positive electrode, 
respectively, and the rechargeable lithium-ion battery was produced. 

[0395] After it carried out constant-current charge of the obtained rechargeable lithium-ion battery by 
50microA/cm2 and cell voltage amounted to 4.2V, constant-potential charge was carried out. The 
charging time was taken as the time amount by which superfluous capacity is charged 30% to negative- 
electrode active material capacity 300 mAg/g. Constant-current discharge was carried out by 50microA/ 
cm2 after setting the quiescent time for 30 minutes until cell voltage was set to 2.5V after charge 
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termination. The quiescent time for 30 minutes was set after discharge termination. Charge-and- 
discharge actuation was repeated by having made this actuation into 1 cycle, and the cell capacity 
(negative-electrode conversion capacity mAh/g) and charge-and-discharge effectiveness (%) (discharge 
capacity to charge capacity comparatively) per lg of negative-electrode (hard carbon) active materials 
for every cycle were investigated. 

[0396] Although the charge-and-discharge cycle trial was performed up to 500 cycles, it turned out that 
the big change to a charge-and-discharge curve is not seen, but 80% or more of capacity is held, and it 
excels in the charge-and-discharge cycle. Moreover, an internal short circuit etc. did not take place at all. 
Moreover, the outstanding property with the same said of the rechargeable lithium-ion battery which the 
electron ray was irradiated after having carried out the laminating of a positive electrode, a negative 
electrode, and the cast film, having carried out the hotpress and considering as a layered product, and 
also was produced similarly was shown. 

[0397] the jib which consists of a [example 30] polyvinylidene fluoride chain and a 
polymethylmethacrylate chain — the solution of a lock copolymer (weight-average-molecular- weight 
Mw=79000, Mw/Mn=2.2, a polyvinylidene fluoride weight fraction = 66%) was prepared. After 
carrying out DIP coating of this solution at the fiber of polymethylmethacrylate, it was air-dry at 70 
degrees C, and further, it heated for 10 hours, dried at 135 degrees C, under the nitrogen air current, and 
the film was formed in the front face of a polymethylmethacrylate fiber. While irradiating the electron 
ray with the acceleration voltage of 2MV, and the dose of lOkGy on the front face of this fiber and 
decomposing the PMMA phase, the polyvinylidene fluoride phase was made to construct a bridge and it 
gelled. This fiber was washed in ethyl acetate, PMMA was removed, and the hollow filament was 
obtained. The obtained hollow filament is 530 micrometers in the bore of 500 micrometers, and outer 
diameter, and the wall surface had the porous structure holding the phase separation structure of the 
JIROIDO mold of 40nm of apertures. 

[0398] 100 filter modules of 25cm of effective length were produced using the obtained hollow filament, 
and the silica sol solution with a mean particle diameter of lOOnm was filtered. The silica sol was not 
observed at all in the filtrate. 

[0399] the jib which consists of a polyacrylic acid chain and a polymethylmethacrylate chain using a 
[example 31] extruder ~ the pellet of a lock copolymer (weight-average-molecular- weight Mw=82000, 
Mw/Mn=1.3, a polyacrylic acid weight fraction = 26%) was prepared. Extrusion molding of this pellet 
was supplied and carried out to the 1 shaft extruder, and fiber with a diameter of 50 micrometers was 
produced. After producing the cloth of a plain weave fabric using this fiber, it heat-treated at 135 
degrees C under the nitrogen air current for 10 hours. Then, the electron ray was irradiated with the 
acceleration voltage of 2MV, and the dose of lOkGy, and the PMMA phase was decomposed into this 
cloth. This cloth was washed in the MIBK-isopropyl alcohol mixed solvent (volume ratio 3:7), and the 
PMMA phase was removed. When the obtained cloth was observed by SEM, it turned out that it is the 
aggregate of the fiber bundle of super-thin fiber with a diameter of about 26nm which consists of 
polyacrylic acid. From this, it is thought that the fiber after the above-mentioned annealing formed 
cylinder structure. 

[0400] the jib which consists of a [example 32] polyacrylic acid chain and a polymethylmethacrylate 
chain ~ cloth was produced like the example 31 except having used the lock copolymer (weight-average- 
molecular- weight Mw=104000, Mw/Mn=1.3, a polyacrylic acid weight fraction = 55%). When the 
obtained cloth was observed by SEM, it turned out that it is the aggregate of the fiber bundle of thin film 
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integrated circuit fiber with a thickness of 67nm it is thin from polyacrylic acid. From this, it is thought 
that the fiber after annealing formed lamella structure. 

[0401] the jib which consists of a [example 33] polyacrylic acid chain and a polymethylmethacrylate 
chain ~ cloth was produced like the example 31 except having used the lock copolymer (weight-average- 
molecular-weight Mw=42000, Mw/Mn=1.3, a polyacrylic acid weight fraction = 65%). When TEM 
observation of the obtained cloth was carried out, it turned out that it is porosity fiber which consists of 
continuation pore of 16nm of average apertures which consists of polyacrylic acid. From this, it is 
thought that the fiber after annealing formed BAIKONTINYUASU structure. 

[0402] a [example 34] 2 % of the weight jib ~ after dissolving the lock copolymer (molecular weight: 
polystyrene =65000, polymethylmethacrylate =13200, Mw/Mn=1.04) in propylene glycol monoethyl 
ether acetate (PGMEA) and filtering this solution, the spin coat was carried out by 2500rpm on the SiO 
substrate of the diameter of 3 inch. The substrate was heated for 90 seconds at 110 degrees C, and the 
solvent was made to evaporate. Then, the substrate was put into oven, and annealing was continuously 
performed at 135 degrees C by 210 degrees C into nitrogen-gas-atmosphere mind for 10 hours for 10 
minutes. Consequently, the micro phase separation film of sea island structure with an island with a 
diameter of 17nm was formed. 

[0403] Reactive ion etching (RIE) was performed to this sample on condition that CF4, O.Oltorr, 
progressive wave 150W, and reflected wave 30W. On this etching condition, PMMA is etched 
selectively and the substrate which exposed as a mask the pattern of PS which remained further is 
etched. The 15nm CoPtCr thin film was deposited on the sample after etching by the usual sputtering 
method. The sample which deposited the CoPtCr thin film was dipped into the cellosolve system 
solvent, ultrasonic cleaning was performed, and the lift off of the polystyrene which remained, and the 
CoCrPt film on it was carried out. The front face of the sample after a lift off was observed with the 
scanning electron microscope. Consequently, the structure where the CoPtCr magnetic particle of the 
diameter of about 17nm existed in a glass substrate base material was observed. 

[0404] In order to use this sample as a high density magnetic-recording medium, lOnm C was deposited 
as a protective coat by the spatter, tape BANISSHU was performed, the abnormality projection was 
removed, and, therefore, lubricant was applied humid. When the magnetic properties of this sample were 
measured, it turned out that it has the vertical magnetic anisotropy of coercive force 2kOe. 
[0405] moreover, the approach of an example 2 — following — a jib — the magnetic-recording medium 
was produced by the same approach as the above except having performed patterning of a lock 
copolymer. Consequently, the magnetic-recording medium which has a property equivalent to the above 
was obtained. 

[0406] furthermore, the approach of an example 4 ~ following - the pattern transferring method ~ using 
~ a jib ~ the magnetic-recording medium was produced by the same approach as the above except 
having performed patterning of a lock copolymer. Since the depth of the hole formed by this approach 
was as deep as 30nm, the magnetic-recording medium with coercive force higher than the above- 
mentioned magnetic-recording medium was obtained. 

[0407] [Example 35] First, polystyrene (molecular weight: 6300)-PMMA (molecular weight: 13000) 
and the block copolymer of Mw/Mn=1.04 were melted in propylene-glycol-monomethyl-ether acetate 
(PGMEA), and the solution was produced. The spin coat of this solution was carried out, and it was 
applied on the 2.5 inches glass substrate by about lOnm thickness. After having put the applied glass 
substrate into the thermostat, annealing at 150 degrees C for 24 hours and annealing at 120 more degrees 
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C for 2 hours, it returned to the room temperature. The front face of the glass substrate sample after 
annealing was observed with the scanning electron microscope. Consequently, having structure which 
carried out phase separation to a spherical island with an average diameter of 17nm arranged at intervals 
of [ of 30nm ] the average and the sea which encloses it was checked. 

[0408] Reactive-ion-etching (R1E) processing using CF4 was performed. Consequently, only the part of 
the island of a block copolymer was etched. Thickness measurement showed that the selection ratio 
between the seas and the islands to RIE using CF4 was sea:island =1:4. 

[0409] The 15nm CoPtCr thin film was deposited on the sample after etching by the usual sputtering 
method. The sample which deposited the CoPtCr thin film was dipped into the cellosolve system 
solvent, ultrasonic cleaning was performed, and the lift off of the polystyrene which remained, and the 
CoCrPt film on it was carried out. The front face of the sample after a lift off was observed with the 
scanning electron microscope. Consequently, the structure where the CoPtCr magnetic particle of the 
diameter of about 15nm existed in a glass substrate base material was checked. 

[0410] In order to use this sample as a high density magnetic-recording medium, lOnm C was deposited 
as a protective coat by the spatter, tape BANISSHU was performed, the abnormality projection was 
removed, and, therefore, lubricant was applied humid. When the magnetic properties of this sample were 
measured, it turned out that it has the vertical magnetic anisotropy of coercive force 2kOe. 
[041 1] The aluminum layer of 500nm of thickness was formed on the [example 36] silicon wafer, 
patterning of this was carried out using the resist for semi-conductors (OEBR-800), and two electrodes 
which left 5 micrometers were formed. The SiO film was formed, flattening was carried out by the CMP 
method, and the electrode section was exposed. After carrying out 20nm laminating of the aluminum 
besides, 5nm laminating of the SiO was carried out. Again, patterning was carried out so that it might 
become an electrode using the resist for semi-conductors (OEBR-800), RIE was applied slightly, and the 
electrode section was exposed. 

[0412] a jib ~ the solution which dissolved the lock copolymer (molecular weight: polystyrene =146700, 
polymethylmethacrylate =70700, Mw/Mn=l.ll) in PGMEA 2% of the weight - 3000rpm - a spin coat 
~ carrying out ~ a hot plate top — setting — 120 degrees C — a jib with a thickness of 45 nm ~ the lock 
copolymer thin film was produced. 

[0413] It annealed at 230 degrees C in nitrogen-gas-atmosphere mind for 40 hours, impressing the 
electrical potential difference of 10V to an electrode, during this period ~ the jib of polystyrene and 
polymethylmethacrylate — a lock copolymer starts micro phase separation and a cylinder phase carries 
out orientation vertically to an electrode. After cooling to 80 degrees C over 2 hours, it cooled naturally 
to the room temperature. 

[0414] Next, 0.01torr(s) and 30sccm were performed by CF4, and reactive ion etching was performed 
for 180 seconds by progressive wave 150W. Consequently, polymethylmethacrylate was etched 
selectively and lower aluminum was also etched further. Consequently, the electrode of Kushigata which 
has spacing of about 50nm in inter-electrode [ of 5 micrometer spacing ] was formed. 
[0415] On the [example 37] silicon wafer, aluminum was vapor-deposited and the thin film of lOnm 
thickness was formed, a jib ~ the solution which dissolved the lock copolymer (molecular weight: 
polystyrene =322400, polymethylmethacrylate =142000, Mw/Mn=l.ll) in toluene 10% of the weight - 
3000rpm - a spin coat ~ carrying out - a hot plate top — setting - 120 degrees C ~ a jib with a 
thickness of 500nm ~ the lock copolymer thin film was produced. This thin film was dried for 14 days 
at 60 degrees C in the vacuum, further - a jib ~ on the lock copolymer thin film, aluminum was vapor- 
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deposited and the thin film of lOnm thickness was formed. 

[0416] Annealing was performed at 210 degrees C into nitrogen-gas-atmosphere mind for 40 hours, 
impressing the electrical potential difference of IV between this two-layer aluminum, during this period 
- the jib of polystyrene and polymethylmethacrylate — a lock copolymer starts micro phase separation 
and a cylinder phase carries out orientation vertically to an electrode. After cooling to 80 degrees C over 
2 hours, it cooled naturally to the room temperature. 

[0417] Next, 0.01torr(s) and 30sccm were performed by CF4, and reactive ion etching was performed 
for 600 seconds by progressive wave 150W. Consequently, polymethylmethacrylate was etched 
selectively, it ran through lower aluminum further and even the substrate was etched. Ashing was 
performed with oxygen and the polymer which remains was removed. The trench with a diameter [ of 
lOOnm ] and a depth of about 1 micrometer was able to be opened in the substrate at the maximum. 
[0418] The [example 38] Pyrex (trademark) glass substrate was defecated, and the front face was 
damaged by plasma treatment. On this glass substrate, gold was vapor-deposited and the thin film of 
lOOnm thickness was formed, the jib which consists of a polystyrene chain and a 
polymethylmethacrylate chain — the solution which dissolved the lock copolymer (weight-average- 
molecular-weight Mw=37000, Mw/Mn=1.3, a polymethylmethacrylate chain weight fraction = 26%) in 
toluene 10% of the weight ~ a spin coat — carrying out — a hot plate top — setting ~ 120 degrees C ~ 
drying ~ a jib with a thickness of 500nm ~ the lock copolymer thin film was produced. This thin film 
was dried for 14 days at 60 degrees C in the vacuum, further ~ a jib - on the lock copolymer thin film, 
aluminum was vapor-deposited and the thin film of 50nm thickness was formed. 
[0419] Annealing was performed at 210 degrees C into nitrogen-gas-atmosphere mind for 40 hours, 
impressing the electrical potential difference of IV between this gold film and the aluminum film, 
during this period ~ the jib of polystyrene and polymethylmethacrylate - a lock copolymer starts micro 
phase separation and the cylinder phase of polymethylmethacrylate carries out orientation vertically to 
an electrode. After cooling to 80 degrees C over 2 hours, it cooled naturally to the room temperature. 
[0420] Next, it was immersed in the hydrochloric-acid water solution, the surface vacuum-plating-of- 
aluminium film was removed, and the electron ray was irradiated. It washed after electron beam 
irradiation in the mixed solvent which mixed the cast film by the volume ratio 3:7 of MIBK and 
isopropyl alcohol, and the polymer film was porosity-ized. When electron microscope observation of 
this porosity polymer film was carried out, it turned out that even a gold film reaches at right angles to a 
substrate, and the hole with a diameter of about lOnm is formed. The controlled potential electrolysis of 
this porous membrane was carried out in the golden plating bath, and gold was deposited in the 
breakthrough. After electrocasting, when ashing was carried out with oxygen and the porosity polymer 
layer was removed, the golden fiber with a diameter of about 8nm carried out orientation at right angles 
to a substrate the shape of Mt. Tsurugi on the gold film, and the structure which carried out the a large 
number array was acquired. When iridium was electroformed similarly, the same Mt. Tsurugi structure 
as gold was acquired. 

[0421] Next, the field emission ability of this Mt. Tsurugi structure was investigated. Using the ITO 
substrate which produced the aluminum203 red fluorescent substance which doped europium for the 
gold film with which the Mt. Tsurugi structure of iridium with a diameter of 8nm was formed as a 
cathode electrode and an opposite anode electrode, the eel with an inter-electrode spacing of 30 
micrometers was produced, and it drove by 300V in the vacuum (lxlO-6Torr). Consequently, it turned 
out that good field emission happens, red luminescence is observed, and this Mt. Tsurugi structure 
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operates as an emitter of a cold emission display. 

[0422] Furthermore, the FED panel was produced using the emitter of this Mt. Tsurugi structure. 
Although the same approach as an example 27 was adopted at this time, the Mt. Tsurugi structure of 
iridium was formed as mentioned above instead of forming the Spindt mold emitter on an insulating 
layer by EB vacuum evaporationo. The face plate with which the anode electrode layer and fluorescence 
layer which consist of ITO through a spacer with a height of 4mm like an example 28 were formed was 
attached to the obtained electron emission component array, it left the exhaust hole for reduced pressure, 
and the seal of the perimeter was carried out. After decompressing the inside of a component panel to 10- 
6Torr with the turbo molecular pump, the exhaust hole was stopped and OFF produced the FED panel. 
Since this FED panel was driven, anode potential was set as 3500V, each of non-choosing emitter wiring 
and gate wiring was set to 0V, and bias of selected emitter wiring and selected gate wiring was carried 
out to -15V and +15V, respectively. Consequently, electron emission happened and the luminescent spot 
was checked on the fluorescence layer. Two or more pixels were chosen over the whole viewing area of 
a display, and brightness was measured on the same conditions. Consequently, dispersion in brightness 
was settled to less than 3%. 

[0423] On [example 39] copper foil, gold was vapor-deposited and the thin film of lOOnm thickness was 
formed, the jib which consists of a polystyrene chain and a polymethylmethacrylate chain ~ the solution 
which dissolved the lock copolymer (weight-average-molecular- weight Mw=370000, Mw/Mn=1.2, a 
polymethylmethacrylate chain weight fraction = 26%) in toluene 10% of the weight ~ the cast ~ 
carrying out - air-dry - further - the inside of a vacuum ~ setting - 60 degrees C ~ 8 hours - drying ~ 
a jib with a thickness of 30 micrometers - the lock copolymer film was formed. On this cast film, 
aluminum was vapor-deposited and the thin film of 50nm thickness was formed. 
[0424] Annealing was performed at 210 degrees C into nitrogen-gas-atmosphere mind for 40 hours, 
impressing the electrical potential difference of 60V between this gold film and the aluminum film, 
during this period ~ the jib of polystyrene and polymethylmethacrylate ~ a lock copolymer starts micro 
phase separation and the cylinder phase of polymethylmethacrylate carries out orientation vertically to 
an electrode. After cooling to 80 degrees C over 2 hours, it cooled naturally to the room temperature. 
[0425] Next, it was immersed in the hydrochloric-acid water solution, the surface vacuum-plating-of- 
aluminium film was removed, and the electron ray was irradiated. It washed after electron beam 
irradiation in the mixed solvent which mixed the cast film by the volume ratio 3:7 of MIBK and 
isopropyl alcohol, and the polymer film was porosity-ized. When electron microscope observation of 
this porosity polymer film was carried out, it turned out that it is formed until a hole with a diameter of 
about 120nm reaches a gold film at right angles to a substrate. It carried out the controlled potential 
electrolysis in the Bi3+/HTe02+ bath which carried out the nitrogen purge of this porous membrane, 
having used a platinum mesh as the counter electrode, and bismuth telluride was deposited in the 
breakthrough. After electrocasting, when the porosity polymer layer was removed, the bismuth telluride 
fiber comparable as the diameter of a cylinder carried out orientation at right angles to a substrate the 
shape of Mt. Tsurugi on the gold film, and the structure which carried out the a large number array was 
acquired. This bismuth telluride fiber can be used for an efficient thermoelectric element etc. 
[0426] the jib which becomes a [example 40] aluminium wire from a polystyrene chain and a 
polymethylmethacrylate chain with a DIP coating method — the lock copolymer (weight-average- 
molecular-weight Mw=82000, Mw/Mn=1.3, polystyrene chain weight fraction = 26%) solution was 
applied. It was air-dry at 70 degrees C after spreading. lOOnm of aluminum was vapor-deposited on the 
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coating front face after desiccation. Annealing was performed at 200 degrees C into nitrogen-gas- 
atmosphere mind after vacuum evaporationo for 40 hours, impressing the electrical potential difference 
of 30V between an aluminium wire and the vacuum-plating-of-aluminium film, during this period ~ the 
jib of polystyrene and polymethylmethacrylate — a lock copolymer starts micro phase separation and a 
cylinder phase carries out orientation vertically to an electrode. After cooling to 80 degrees C over 2 
hours, it cooled naturally to the room temperature. After heat-treatment, it was immersed in the 
hydrochloric-acid water solution, and the surface vacuum-plating-of-aluminium film was removed. The 
150kGy exposure of the electron ray was carried out after removing the surface vacuum-plating-of- 
aluminium film. It washed after electron beam irradiation in the mixed solvent which mixed the cast film 
by the volume ratio 3:7 of MIBK and isopropyl alcohol, and the polymer film was porosity-ized. This 
was immersed in the hydrochloric-acid water solution, dissolution clearance of the aluminium wire of 
the heart was carried out, and the hollow filament filter was obtained. The obtained hollow filament was 
530 micrometers in the bore of 500 micrometers, and outer diameter, and the wall surface was the 
porous structure which imprinted the phase separation structure of the cylinder mold of about 27nm of 
apertures. It turned out that it is the configuration where cylinder-like pore is the breakthrough which 
carried out orientation perpendicularly to the wall surface, and it was suitable for the filter. 
[0427] When the mini module (25cm of effective length) which consists of 100 was produced using the 
obtained hollow filament filter, it operated good as a filter. 

[0428] the jib which consists of a [example 41] polyacrylic acid chain and a polymethylmethacrylate 
chain ~ after pelletizing a lock copolymer (weight-average-molecular- weight Mw=82000, Mw/Mn=1.3, 
a polyacrylic acid weight fraction = 26%) with an extruder, it extruded from the T die and the film with 
a thickness of about 100 micrometers was produced. This film was heat-treated at 135 degrees C under 
the nitrogen air current for 10 hours. The 150kGy exposure of the electron ray was carried out after heat- 
treatment. It washed after electron beam irradiation in the mixed solvent mixed by the volume ratio 3:7 
of MIBK and isopropyl alcohol. From SEM and TEM, it was observed that the nonwoven fabric-like 
flat- surface raw material with which the fiber bundle of super- thin fiber with a diameter of 26nm 
became entangled is formed. This flat-surface raw material was able to show the outstanding flexibility, 
and was able to use it good also as a precision filter. 

[0429] the jib of [example 42] 1 and 2-polybutadiene and polymethylmethacrylate ~ a lock copolymer 
(Mw= 281000, 1, 2-polybutadiene weight fraction = 32%, Mw/Mn= 1.05) - 2% of the weight of 3, 3 ! , 4, 
and 4' ~ the cyclohexanone solution which mixed - tetrapod (t-butyl par oxycarbonyl) benzophenone 
was prepared. This solution was applied to the glass plate using the applicator, and the sheet with a 
thickness of 20 micrometers was produced. This sheet was heat-treated at 135 degrees C under the 
nitrogen air current for 2 hours. The electron ray was irradiated with the acceleration voltage of 2MV, 
and the dose of 200kGy at this sheet. After 24-hour washing and a methanol washed this sheet by ethyl 
lactate for 1 hour, and the porosity sheet was obtained. The obtained porosity sheet had the porous 
structure by which the B AIKONTINYUASU phase separation structure which consists of a cylinder 
phase of polybutadiene with a diameter of about 50nm which branched highly in the shape of a three- 
dimensions mesh was imprinted. 

[0430] The Pori (2-BUROMO ethyl) silsesquioxane solution was sunk into the obtained porosity sheet, 
ultraviolet rays were irradiated, the process heat-treated at 80 degrees C was repeated 5 times, and it was 
fully filled up with Pori (2-BUROMO ethyl) silsesquioxane all over the hole of a porosity sheet. The 
porosity sheet was heat-treated at 450 degrees C by 150 degrees C under the nitrogen air current for 1 
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hour for 1 hour. Consequently, the silica porous body which has the nano structure imprinted 
considering the porous structure of a porosity sheet as mold was produced. 

[0431] 10% of the weight of 3, 3', and 4 and the mixed liquor which mixed the 4'-tetrakis (t-butyl par 
oxycarbonyl) benzophenone were prepared to acrylonitrile. This solution was sunk into the silica porous 
body. Ultraviolet rays were irradiated at the silica porous body, the polymerization of the acrylonitrile 
was carried out and it was hardened. After heating this structure at 210 degrees C in air for 24 hours, it 
heat-treated and carbon-ized to 800 degrees C under the nitrogen air current with the programming rate 
of 210 to 10 degrees C/m. Hydrofluoric acid treatment of the complex of carbon was carried out to this 
silica, and the silica was made eluted. Consequently, the porosity carbon which has a continuation hole 
reflecting the mol follow G of 1 and 2-polybutadiene porosity sheet was producible. 
[0432] [Example 43] 

a jib — the jib which consists of a poly cyclohexadiene derivative polymer chain (Pori (cis- - 5, the 6-bis 
(pivaloyloxy)-2-cyclohexene -1, 4-IRUEN)) and a polyethylene oxide (PEO) chain by the anionic 
polymerization method in the example of ****** of a lock copolymer — the lock copolymer was 
compounded. 

[0433] n-butyl lithium was used as a reaction initiator. n[ after drying ethylene oxide through the column 
of calcium hydride ] -butyl lithium — small quantity — in addition — since ~ what was distilled was used. 
The tetrahydrofuran (THF) of a solvent used metallic sodium as the drying agent, and distilled it twice 
under the argon air current. The application-of-pressure reactor by the proof-pressure glass company 
was used as polymerization equipment. During the reaction, it considered as the argon atmosphere of 
four atmospheric pressures, and careful attention was paid so that the open air might not go into the 
interior of a system. 

[0434] After putting in SHISU 5, the 6-screw (PIBARO yloxy) -1, and 3-cyclohexadiene in a reaction 
container, THF was distilled and it introduced directly in the reaction container. The inside of a reaction 
container was made into argon atmosphere, and at -80 degrees C, the heptane solution of n-butyl lithium 
was added and it stirred for one week. Then, the ethylene oxide of the specified quantity was introduced 
and it stirred further. The reaction container was opened, after adding the 2-propanol of 2mL(s) 
containing a small amount of hydrochloric acid and stopping a reaction. After condensing reaction 
mixture 3 times, it was dropped into sufficient quantity of the petroleum ether, and the polymer was 
reprecipitated. after carrying out a polymer a ** exception, a vacuum drying is carried out at a room 
temperature ~ making ~ a jib ~ the lock copolymer was obtained. 

[0435] The unit of Mw=65000 and polyethylene oxide was Mw=13200 and the unit of Pori (cis- - 5, the 
6-bis(pivaloyloxy)-2-cyclohexene -1, 4-IRUEN) was Mw/Mn=1.5. 

[0436] pattern formation profit **** - a jib ~ a lock copolymer - as a radical generating agent ~ 3, 3', 
4, and 4' ~ after dissolving in the methylene chloride 2% of the weight and filtering the mixture which 
added - tetrakis (t-butyl par oxycarbonyl) benzophenone 5% of the weight, on the 3 inch quartz-glass 
substrate, the spin coat was carried out by 2500rpm, and the pattern formation film was formed. The 
substrate was heated for 90 seconds at 1 10 degrees C, and the solvent was distilled off. Then, the 
substrate was put into oven, and in nitrogen-gas-atmosphere mind, it heat-treated at 200 degrees C by 
150 degrees C, and heat-treated [ for 5 hours ] at 350 degrees C by 300 degrees C for 30 minutes for 5 
hours for 5 hours. When the substrate front face after heat-treatment was observed by AFM, it turned out 
that the hole with a diameter of about 12nm is formed all over the pattern formation film. 
[0437] To this sample, reactive ion etching was performed on condition that CF4 gas, O.Oltorr, 
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progressive wave 150W, and reflected wave 30W, and the substrate was etched. Then, reactive ion 
etching was performed on condition that 02 gas, O.Oltorr, progressive wave 150W, and reflected wave 
30W, and the residue of the pattern formation film was removed. On this condition, ashing only of the 
organic substance can be carried out efficiently. Consequently, it was mostly formed at equal intervals 
all over the quartz-glass substrate by the diameter of 12nm, and the consistency square [ of whose holes 
with a depth of 25nm / 1 ] is about 2000 per mu m. 

[0438] The 15nm CoPtCr thin film was deposited by sputtering all over this quartz-glass substrate. After 
depositing lOnm carbon as a protective coat by sputtering on a CoPtCr thin film, tape BAN1SSHU was 
performed, the abnormality projection was removed, lubricant was applied, and the high density 
magnetic-recording medium was produced. The vertical magnetic anisotropics of this medium were 
2kOe(s). 

[0439] [Example 44] 

a jib — the jib which consists of a poly butyl methylsilane chain and a polyethylene oxide chain by the 
living anionic polymerization method in the example of ****** of a lock copolymer ~ the lock 
copolymer was compounded. 

[0440] mask TOJISHIREN and ethylene oxide which are shown in the following chemical formula as a 
monomer ~ using — as an initiator ~ sec-butyl lithium — using ~ the inside of THF, and the reaction 
temperature of -78 degrees C ~ a monomer - sequential addition ~ carrying out - a jib ~ the lock 
copolymer was compounded, a jib - poly butyl methylsilane was [ 65000 and the polyethylene oxide of 
the molecular weight of each block which constitutes a lock copolymer ] 13200. Moreover, molecular 
weight distribution (Mw/Mn) were 1.1. 



[0442] The spin coat of the polyamide acid solution (Semicofine SP[ by Toray Industries, Inc. ]- thing 
which diluted 341 with the N-methyl-2-pyrrolidone) was carried out on the 3 inches silicon wafer of 
pattern formation. Then, the sample was heated by a unit of 1 hour under the nitrogen air current in order 
(150 degrees C, 250 degrees C, and 350 degrees C), and the pattern transfer film which consists of 
polyimide with a thickness of 30nm was formed. 

[0443] the compound jib ~ after dissolving in THF 2% of the weight and filtering a lock copolymer, on 
the pattern transfer film which consists of polyimide, the spin coat was carried out by 2500rpm, and the 
pattern formation film was formed. The sample was heated for 90 seconds at 110 degrees C, and the 
solvent was distilled off. Then, the sample was paid to oven and it heat-treated at 150 degrees C in 
nitrogen-gas-atmosphere mind for 5 hours. Next, ultraviolet rays were irradiated from the low-pressure 
mercury lamp into air at the sample. The sample was again paid to oven, and in nitrogen-gas-atmosphere 
mind, it heat-treated at 200 degrees C by 150 degrees C, and heat-treated [ for 1 hour ] at 350 degrees C 
by 300 degrees C for 30 minutes for 5 hours for 5 hours. When the substrate front face was observed by 



[0441] 

[Formula 18] 




Si 
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AFM, it turned out that the hole with a diameter of about 13nm is carrying out opening all over the 
pattern formation film. 

[0444] Reactive ion etching was performed to this sample on condition that 02 gas, O.Oltorr, 
progressive wave 150W, and reflected wave 30W. Consequently, it formed mostly square [ of holes with 
a diameter / of 13nm /, and a depth of 30nm with a comparatively good aspect ratio / 1 ] at equal 
intervals by the consistency of about 2000 per mu m all over the polyimide film on a silicon wafer 
(pattern transfer film). R1E was performed by having used this polyimide porous membrane as the mask 
on condition that CF4, O.Oltorr, progressive wave 150W, and reflected wave 30W, and the silicon wafer 
was etched. Then, ashing was performed on condition that 02, O.Oltorr, progressive wave 150W, and 
reflected wave 30W, and the polyimide film which remained was etched. Consequently, the high hole of 
an aspect ratio with a diameter [ of 14nm ] and a depth of 70nm was mostly formed at equal intervals by 
the consistency of about 2000 pieces all over the silicon wafer. 

[0445] as mentioned above, the jib which consists of a poly butyl methylsilane chain and a polyethylene 
oxide chain ~ it turned out that a porous mask can be formed from a lock copolymer, the high dot 
pattern of an aspect ratio can be formed in the polyimide film which is pattern transfer film, and a 
substrate substrate can be processed further good. 
[0446] [Example 45] 

a jib — the jib which consists of a polyethylene oxide (PEO) chain and a poly dimethylsiloxane 
(PDMSO) chain by the living anionic polymerization method in the example of ****** of a lock 
copolymer ~ the lock copolymer (PEO-b-PDMSO) was compounded. 

[0447] The polymerization of the hexamethyl cyclotrisiloxane was carried out using polyethylene oxide 
macromere as a reaction initiator. The tetrahydrofuran (THF) of a solvent used metallic sodium as the 
drying agent, and distilled it twice under the argon air current. It has an OH radical at the piece end, the 
other end is capped by the methoxy group, and polyethylene oxide was freeze-dried from the benzene 
solution just before the activity. The application-of-pressure reactor by the proof-pressure glass company 
was used as polymerization equipment. During the reaction, it considered as the argon atmosphere of 
four atmospheric pressures, and careful attention was paid so that the open air might not go into the 
interior of a system. 

[0448] The solution which dissolved polyethylene oxide for the argon in dehydration benzene into the 
reaction container with the sink was put in, and it freeze-dried over 5 hours under the vacuum. THF was 
distilled under the vacuum and it introduced directly in the reaction container. Again, by making the 
inside of a reaction container into argon atmosphere, n-butyl lithium was added at 0 degree C, and after 
stirring at 30 degrees C for 1 hour, the polymerization was stirred and carried out, adding hexamethyl 
cyclotrisiloxane at 25 degrees C. Molecular weight was measured for the reaction solution by the little 
draw and GPC. Based on the measured molecular weight, it calculated and added so that the molecular 
weight of a request of hexamethyl cyclotrisiloxane might be obtained. These activities of a series of 
were done under argon application of pressure, and careful attention was paid so that the open air might 
not mix. It checked that desired molecular weight had been obtained by GPC, and the reaction container 
was opened, after adding trimethylchlorosilane and stopping a reaction. After condensing reaction 
mixture 3 times, it was dropped into sufficient quantity of the petroleum ether, and the polymer was 
reprecipitated. after carrying out a polymer a ** exception, a vacuum drying is carried out at a room 
temperature — making — a jib — the lock copolymer was obtained. 

[0449] Mw(s) of 65000 and a poly dimethylsiloxane block of Mw of a polyethylene oxide block were 
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62000 and Mw/Mn=1.20. 

[0450] The spin coat of the polyamide acid solution (Semicofine SP[ by Toray Industries, Inc. ]- thing 
which diluted 341 with the N-methyl-2-pyrrolidone (NMP)) was carried out on the 3 inches silicon 
wafer of pattern formation. The pattern transfer film which heats this sample by a unit of 1 hour under a 
nitrogen air current in order (150 degrees C, 250 degrees C, and 350 degrees C), and consists of 
polyimide with a thickness of 30nm was formed. 

[0451] the compound jib ~ lock copolymer and 1, 3, 5, 7, 9, 11, and 13-heptacyclo pentyl- 15- vinyl 
pentacyclo [-- 9. - 5.1. ~ it dissolved in THF 2% of the weight, and the mixture which mixed 
azobisisobutyronitril with 13, 9.15, 15.17, and 13] OKUTA siloxane (Vinyl-POSS) by the weight ratio 
1:1:0.05 was filtered. The spin coat of this solution was carried out by 2500rpm on the pattern transfer 
film which consists of polyimide, and the pattern formation film was formed. The sample was heated for 
90 seconds at 60 degrees C, and the solvent was distilled off. The sample was heat-treated at 80 degrees 
C in nitrogen-gas-atmosphere mind for 5 hours. Then, the pattern formation film was exposed to the 
hydrochloric-acid steam. Next, in nitrogen-gas-atmosphere mind, it heat-treated at 250 degrees C by 200 
degrees C, and the sample was heat-treated [ for 1 hour ] at 350 degrees C by 300 degrees C for 30 
minutes for 1 hour for 1 hour. When the sample front face was observed by AFM, it turned out that the 
hole with a diameter of about 15nm is carrying out opening all over the pattern formation film. 
[0452] Reactive ion etching was performed to this sample on condition that 02 gas, O.Oltorr, 
progressive wave 150W, and reflected wave 30W. Consequently, the hole with a diameter [ of 15nm ] 
and a depth of 30nm with a comparatively good aspect ratio was mostly formed at equal intervals all 
over the polyimide film on a silicon wafer (pattern transfer film). RIE was performed by having used 
this polyimide porous membrane as the mask on condition that CF4, O.Oltorr, progressive wave 150W, 
and reflected wave 30W, and the silicon wafer was etched. Then, ashing of the polyimide film which 
remained was again carried out on condition that 02, O.Oltorr, progressive wave 150W, and reflected 
wave 30 W. Consequently, the high hole of an aspect ratio with a diameter [ of 14nm ] and a depth of 
70nm was mostly formed at equal intervals all over the silicon wafer. 
[0453] [Example 46] 

the jib of the polyethylene oxide and poly dimethylsiloxane which were compounded in the pattern 
formation example 45 — it dissolved in NMP 2% of the weight, and the mixture which mixed the 
polyamide acid compounded from a lock copolymer, and biphenyl tetracarboxylic dianhydride and p- 
phenylene diamine by the weight ratio 1 : 1 was filtered. The spin coat of this solution was carried out by 
2500rpm on the 3 inch silicon wafer, and the pattern formation film was formed. After heating the 
sample for 90 seconds at 60 degrees C and distilling off a solvent, it heat-treated at 80 degrees C in 
nitrogen-gas-atmosphere mind for 5 hours. Then, the pattern formation film was exposed to the 
hydrochloric-acid steam. Next, in nitrogen-gas-atmosphere mind, it heat-treated at 250 degrees C by 200 
degrees C, and the sample was heat-treated [ for 1 hour ] at 350 degrees C by 300 degrees C for 30 
minutes for 1 hour for 1 hour. As a result of observing a sample front face by AFM, it turned out that the 
hole with a diameter of about 15nm is formed all over the pattern formation film. 
[0454] RIE was performed by having used this porous membrane as the mask on condition that CF4, 
O.Oltorr, progressive wave 150W, and reflected wave 30W, and the silicon wafer was etched. Then, 
ashing of the polymer which remained on condition that 02, O.Oltorr, progressive wave 150W, and 
reflected wave 30W was carried out. Consequently, the hole with a diameter [ of 14nm ] and a depth of 
5nm was mostly formed at equal intervals all over the silicon wafer. 
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[0455] [Example 47] 

a jib ~ in the example of ****** of a lock copolymer, the triblock copolymer (PAN-PEO-PAN) which 
consists of a polyethylene oxide (PEO) chain and a polyacrylonitrile (PAN) chain by the living anionic 
polymerization method was compounded. 

[0456] The polymerization of the acrylonitrile was carried out using polyethylene oxide macromere 
(J1SOJ1UMU salt of polyethylene oxide) as a reaction initiator. By using lithium hydride aluminum as a 
desiccating agent, under the argon air current, the tetrahydrofuran and benzene of a solvent were 
distilled twice and supplied molecular-sieves 4A in it. After washing the acrylonitrile of a monomer in 
order of saturation NaHS03 water solution, the saturation NaCl water solution which contained NaOH 
1%, and a saturation NaCl water solution, it used the calcium chloride as the drying agent, carried out 
vacuum distillation, further, used calcium hydride as the drying agent, carried out vacuum distillation 
under the argon air current, and supplied molecular-sieves 4A in it. Among THF, sodium naphthalene 
made metallic sodium react to naphthalene, and was prepared. Crown ether (dicyclohexyl-18-crown -6) 
dissolved in benzene, after freeze-drying from a benzene solution. Polyethylene oxide has an OH radical 
in both ends, and freeze-dried it from the benzene solution just before the activity. The application-of- 
pressure reactor by the proof-pressure glass company was used as polymerization equipment. During the 
reaction, it considered as the argon atmosphere of four atmospheric pressures, and careful attention was 
paid so that the open air might not go into the interior of a system. 

[0457] The solution which dissolved polyethylene oxide for the argon in dehydration benzene into the 
reaction container with the sink was put in, and it freeze-dried over 5 hours under the vacuum. Under the 
vacuum, THF was distilled and it introduced directly in the reaction container. Sodium naphthalene was 
again added at 0 degree C by having made the reaction container into argon atmosphere, and the 
benzene solution of crown ether was added and stirred at 30 more degrees C. After 1-hour stirring, at -78 
degrees C, acrylonitrile was added, and stirred and carried out the polymerization. Molecular weight was 
measured for the reaction solution by the little draw and GPC. Based on the measured molecular weight, 
it calculated and added so that the molecular weight of a request of acrylonitrile might be obtained. 
These activities of a series of were done under argon application of pressure, and careful attention was 
paid so that the open air might not mix. It checked that desired molecular weight had been obtained by 
GPC, and the reaction container was opened, after adding the 2-propanol containing a small amount of 
hydrochloric acid 2 mLs and stopping a reaction. After condensing reaction mixture 3 times, it was 
dropped into sufficient quantity of the petroleum ether, and the polymer was reprecipitated. After 
carrying out a polymer a ** exception, the vacuum drying was carried out at the room temperature, and 
triblock copolymer was obtained. 

[0458] The polyacrylonitrile was Mw=65000, polyethylene oxide was Mw=13200, and it was Mw/ 
Mn=1.40. 

[0459] after filtering the 2-% of the weight solution of pattern formation profit **** PAN-PEO-PAN 
triblock copolymer, on the 3 inch quartz-glass substrate, the spin coat was carried out by 2500rpm, and 
the pattern formation film was formed. The sample was heated for 90 seconds at 1 10 degrees C, and the 
solvent was distilled off. Then, the sample was paid to oven and it heat-treated at 135 degrees C next by 
200 degrees C in nitrogen-gas-atmosphere mind for 10 hours for 10 minutes. Flattening of the film is 
carried out by heat-treatment at 200 degrees C, and the hysteresis behind a spin coat can be erased. 
Moreover, micro phase separation advances efficiently by heat-treatment at 135 degrees C. Next, after 
heat-treating a sample at 200 degrees C in air for 24 hours, it heat-treated at 350 degrees C in nitrogen- 
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gas-atmosphere mind for 30 minutes. When the substrate front face after heat- treatment was observed by 
AFM, it turned out that the hole with a diameter of about 12nm is formed all over the pattern formation 
film. 

[0460] To this sample, reactive ion etching was performed on condition that CF4 gas, O.Oltorr, 
progressive wave 150W, and reflected wave 30W, and the substrate was etched. Then, reactive ion 
etching was performed on condition that 02 gas, O.Oltorr, progressive wave 150W, and reflected wave 
30W, and the residue of the pattern formation film was removed. 

[0461] Consequently, it was mostly formed at equal intervals all over the quartz-glass substrate by the 
diameter of 12nm, and the consistency square [ of whose holes with a depth of 20nm / 1 ] is about 2000 
per mu m. This substrate can be used for the substrate of a hard disk etc. 

[0462] To the PAN-PEO-PAN triblock copolymer compounded in the [example 48] example 47, 10% of 
the weight of dioctyl phthalate was added as a plasticizer. To the bottom of a nitrogen air current, among 
air, it was set as the degree at 200 degrees C by 135 degrees C, and the heat treatment conditions for 
forming the micro phase separation of a block copolymer were set [ for 10 minutes ] at 350 degrees C 
under the nitrogen air current by 200 degrees C in 30 minutes for 24 hours for 1 hour. The micro phase 
separation film was formed like the example 47 except these conditions. It etched by using this micro 
phase separation film as a mask. Consequently, the pattern of the hole same to a substrate as an example 
47 was formed. As mentioned above, heat treatment time amount was able to be shortened by adding a 
plasticizer. 

[0463] After filtering the 2-% of the weight solution of the PAN-PEO-PAN triblock copolymer 
compounded in the [example 49] example 47, on the 3 inch quartz-glass substrate, the spin coat was 
carried out by 2500rpm, and the pattern formation film was formed. The sample was heated for 90 
seconds at 1 10 degrees C, and the solvent was distilled off. The sample was paid to oven and it heat- 
treated at 135 degrees C by 200 degrees C in nitrogen-gas-atmosphere mind for 10 hours for 10 minutes. 
After heat-treating a sample at 200 degrees C in air for 24 hours, it heat-treated at 350 degrees C in 
nitrogen-gas-atmosphere mind for 30 minutes. Next, the substrate was etched for 1 minute by fluoric 
acid. Then, ultrasonic cleaning was performed in the acetone and the polymer which remains was 
removed. 

[0464] Consequently, it was mostly formed at equal intervals all over the quartz-glass substrate by the 
diameter of 15nm, and the consistency square [ of whose holes with a depth of 12nm / 1 ] is about 2000 
per mu m. Thus, patterning of a substrate was possible only at wet etching, without using a dry etching 
process. This substrate can be used for the substrate of a hard disk etc. 
[0465] [Example 50] 

a jib - the jib which synthetic one end of a lock copolymer becomes from a polyethylene oxide (PEO) 
chain and a polyacrylonitrile (PAN) chain by the methoxy group and the approach as the approach 
shown in the example 47 using the polyethylene oxide of an OH radical that the end of another side is 
the same - the lock copolymer (PAN-b-PEO) was compounded. Mw(s) of 10600 and polyethylene 
oxide of Mw of a polyacrylonitrile block were 35800 and Mw/Mn=1.37. 

[0466] The CoPtCr magnetic film was formed on the pattern formation quartz-glass substrate, the jib of 
the above [ top / this / magnetic film ] — micro phase separation of the pattern formation film which 
consists of a lock copolymer was formed and carried out. Then, wet etching of the CoPtCr magnetic film 
was carried out like the example 49. Consequently, it was mostly formed at equal intervals all over the 
quartz-glass substrate by the diameter of 15nm, and the consistency square [ of whose magnetic film 
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structures of the letter of a projection with a height of 12nm / 1 ] is about 1800 per mu m. 
[0467] The spin coat of the polyamide acid solution (Semicofine SP[ by Toray Industries, Inc. ]- thing 
which diluted 341 with the N-methyl-2-pyrrolidone) was carried out on the [example 51] quartz 
substrate. The lower layer pattern transfer film which heats this substrate by a unit of 1 hour under a 
nitrogen air current in order (150 degrees C, 250 degrees C, and 350 degrees C), and consists of 
polyimide with a thickness of 500nm was formed. 15nm of aluminum was vapor-deposited on it, and the 
upper pattern transfer film was formed. The spin coat of the PAN-PEO-PAN triblock copolymer 
compounded by the approach as an example 47 that it is the same on it was carried out to 80nm in 
thickness, and the pattern formation film was formed. Mw(s) of 144600 and a polyethylene oxide block 
of Mw of a polyacrylonitrile block were 70700 and Mw/Mn=1.41. Next, the pattern formation film of 
the porosity which has micro phase separation structure was produced by the completely same approach 
as an example 47. 

[0468] To this sample, reactive ion etching was performed on condition that CF4 gas, O.Oltorr, 
progressive wave 150W, and reflected wave 30W, and the phase separation pattern of the pattern 
formation film was imprinted on the upper pattern transfer film which consists of aluminum. Then, 
while performing reactive ion etching on condition that 02 gas, O.Oltorr, progressive wave 150W, and 
reflected wave 30W and removing the residue of the pattern formation film, the lower layer pattern 
transfer film which consists of polyimide exposed by opening of the upper pattern transfer film was 
etched. While performing reactive ion etching furthermore on condition that CF4 gas, O.Oltorr, 
progressive wave 150W, and reflected wave 30W and removing the upper pattern transfer film, the 
quartz substrate exposed by opening of the lower layer pattern transfer film was etched. Reactive ion 
etching was again performed on condition that 02 gas, O.Oltorr, progressive wave 150W, and reflected 
wave 30W, and the lower layer pattern transfer film was removed. Consequently, square [ of holes with 
a dramatically high aspect ratio called the diameter of 1 lOnm and a depth of 1200nm / 1 ] was formed in 
the quartz substrate by the consistency of 35 per mu m. 

[0469] Si02 film of 500nm of thickness was formed on the [example 52] silicon wafer. The toluene 
solution of the polysilane shown with the following chemical formula on Si02 film, and the pattern 
transfer film of polysilane of lOOnm of thickness was produced. [ applied and ] On the polysilane pattern 
transfer film, 0.5wt(s)% 3 and 5-G tert-butyl-4-hydroxytoluene was added as an anti-oxidant. 
[0470] 

[Formula 19] 




[0471] the polyacrylonitrile (Mw=12000)-polyethylene oxide (Mw=28000) compounded by the 
approach as an example 50 that it is the same on the pattern transfer film which consists of polysilane ~ 
a jib — the lock copolymer was applied, and the 40nm pattern formation film was formed. [ 90 degrees 
C ] [ for 2 minutes ] The sample was paid to oven and it heat-treated [ 200 degrees C / for 10 minutes / 
135 degrees C ] at 350 degrees C in nitrogen-gas-atmosphere mind by 200 degrees C in air next in 
nitrogen-gas-atmosphere mind for 30 minutes for 24 hours for 10 hours. 
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[0472] The polysilane film was etched by using this pattern formation film as a mask on condition that 
HBr quantity-of-gas-flow 50sccm, degree of vacuum 80mTorr, and excitation power 200W. 
Consequently, the pattern was able to be imprinted on the polysilane film. Besides, the pattern formation 
film remains in the section, and it turned out that the pattern formation film has resistance sufficient as a 
mask. Next, Si02 film was etched by using a polysilane film pattern as a mask on condition that C4F8 
quantity-of-gas-flow 50sccm, CO quantity-of-gas-flow lOsccm, Ar quantity-of-gas-flow lOOsccm, 02 
quantity-of-gas-flow 3 seem, degree of vacuum lOmTorr, and excitation power 200W. The etching 
resistance of the polysilane film is enough and was able to imprint the pattern good on Si02 film. The 
remaining polysilane film was able to exfoliate easily with the organic alkali water solution or the rare 
fluoric acid solution. 

[0473] In addition, when the same actuation as the above was performed without adding 3 and 5-G tert- 
butyl-4-hydroxytoluene on the polysilane pattern transfer film, the etch selectivity of the pattern 
formation film and the polysilane pattern transfer film fell 30%. 

[0474] [Example 53] The golden electrode of 50nm of thickness was vapor-deposited on the 10 inches 
quartz-glass substrate, the SiO two-layer of lOOnm of thickness was formed on this, and aluminum of 
50nm of thickness was vapor-deposited on this. 

[0475] a jib ~ the lock copolymer (polyacrylonitrile: Mw=127700, polyethylene oxide:Mw=l 103000, 
Mw/Mn=1.30) and the polyacrylonitrile (Mw=45000, Mw/Mn=1.37) were mixed by the weight ratio 
21:79. It dissolved in the acetonitrile 5% of the weight, this mixture was filtered, and the solution was 
prepared. The spin coat of this solution was carried out on the quartz-glass substrate, it dried at 110 
degrees C, and the pattern formation film of 970nm of thickness was formed. 

[0476] The sample was paid to oven, it heat-treated [ 200 degrees C / for 10 minutes / 135 degrees C ] at 
350 degrees C in nitrogen-gas-atmosphere mind by 200 degrees C in air next in nitrogen-gas-atmosphere 
mind for 30 minutes for 24 hours for 10 hours, and the pattern formation film was porosity-ized. 
[0477] Wet etching of this sample was carried out by the hydrochloric-acid water solution, then fluoric 
acid, and the phase separation pattern of a pattern formation layer was imprinted to an aluminum layer 
and SiO two-layer. Then, ashing was performed by 02 Usher and the residue of a pattern formation 
layer was removed. 

[0478] Consequently, the hole with a diameter of 840nm was formed in an aluminum layer and SiO two- 
layer by the consistency of about 23000 per 300micrometerxl00micrometer unit area. Distribution of 
the diameter of a hole was dramatically equal to less than **10%. This is considered to be because for 
the block copolymer to which molecular weight was equal to have been used. Moreover, since the island 
of a block copolymer existed in the sea of a homopolymer, the location of a hole was formed somewhat 
at random. For this reason, if this sample is used for the porosity gate electrode of the field emission 
display (FED) of 3 electrode structures, it will be expected that the interference fringe resulting from the 
regularity of an electrode does not occur. Therefore, the approach of this example is applicable suitable 
for manufacture of the porosity gate electrode of FED. 

[0479] the jib of the [example 54] example 53 - into the mixture of a lock copolymer and a 
polyacrylonitrile homopolymer, 10% of the weight of dioctyl phthalate was added as a plasticizer. To 
the bottom of a nitrogen air current, among air, it was set as the degree at 200 degrees C by 135 degrees 
C, and the heat treatment conditions for forming micro phase separation were set [ for 10 minutes ] at 
350 degrees C under the nitrogen air current by 200 degrees C in 30 minutes for 24 hours for 1 hour. 
The micro phase separation film was formed like the example 53 except these conditions. It etched by 
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using this micro phase separation film as a mask. Consequently, the pattern of the hole same to a 
substrate as an example 53 was formed. As mentioned above, heat treatment time amount was able to be 
shortened by adding a plasticizer. 

[0480] Sputtering of the gold was carried out to the front face of a [example 55] copper plate, a gold film 
top ~ a jib - 10%PGMEA solution of a lock copolymer (polymethylphenylsilane Mw=135000, PMMA: 
Mw=61000, Mw/Mn=1.10) was applied, and within the desiccator, it applied for nine days and dried. 
The thickness of the formed film was 0.2mm. The vacuum drying of this film was carried out for three 
days. The super- thin film was cut down from this film, and it observed with the transmission electron 
microscope. Consequently, having the BAIKONTINYUASU structure of a three dimension where both 
the polysilane phase and the PMMA phase continued was checked. 

[0481] It set at 150 degrees C, the electron ray was further set under the argon air current at 200 degrees 
C in air for 12 hours for 2 hours, after irradiating this sample with the dose of 150kG(ies), and it heat- 
treated at 500 degrees C for 1 hour. When transmission electron microscope (TEM) observation was 
carried out, the PMMA phase was lost and the structure which the polysilane phase followed in the 
shape of sponge was observed. This structure is almost equivalent to the original three-dimension 
BAIKONTINYUASU structure, and the regular continuation hole was formed with nanometer order. 
[0482] Electrolytic copper plating was performed having used the saturated calomel electrode as the 
reference electrode for the copper plate with which this porous membrane was formed by having used an 
operation pole and other copper plates into the counter electrode. Electrolytic voltage was set as -0.1 V 
vs S C E, using a saturation copper- sulfate water solution as an electrolytic solution. Consequently, the 
nano composite film with which it filled up with copper all over the hole of porous membrane was 
producible. 

[0483] a [example 56] polysilane-polyethylene oxide system - a jib ~ mask TOJISHIREN and ethylene 
oxide were used as a synthetic monomer of a lock copolymer, sec-butyl lithium was used as an initiator, 
the jib which carries out sequential addition of the monomer with the reaction temperature of -78 
degrees C, and consists of a poly butyl methylsilane chain and a polyethylene oxide chain by the living 
anionic polymerization method among THF ~ the lock copolymer was compounded, a jib ~ Mw of a 
lock copolymer was [ Mw of 14500 and a polyethylene oxide unit of Mw of 70500, Mw/Mn=1.2, and a 
polysilane unit ] 56000. 

[0484] The spin coat of the polyamide acid solution (Semicofine SP[ by Toray Industries, Inc. ]- thing 
which diluted 341 with the N-methyl-2-pyrrolidone) was carried out on the quartz substrate. This 
substrate was heated by a unit of 1 hour under the nitrogen air current in order (150 degrees C, 250 
degrees C, and 350 degrees C), and the polyimide film (pattern transfer film) was formed, the jib 
compounded above on this polyimide film ~ the solution of a lock copolymer was applied and the 
pattern formation film was formed. Ultraviolet rays were irradiated from the high-pressure mercury 
lamp at the pattern formation film, and the polysilane chain was photooxidized. In air, in nitrogen-gas- 
atmosphere mind, it heat-treated at 200 degrees C for 2 hours, and this sample was heat-treated at 350 
degrees C by 250 degrees C for 30 minutes for 2 hours, and was porosity-ized at 150 degrees C for 2 
hours. Reactive ion etching was performed by using this porous membrane as a mask on condition that 
02 gas, O.Oltorr, progressive wave 150W, and reflected wave 30W. The etching resistance of the 
polysilane film photooxidized at this time is enough, and was able to imprint the pattern good on the 
polyimide film. Furthermore, the substrate was etched by using the polyimide film as a mask. 
Consequently, it was mostly formed at equal intervals all over the substrate by the diameter of 14nm, 
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and the consistency square [ of whose holes with a depth of lOnm / 1 ] is about 2400 per mu m. 
[0485] the jib same with having used in the [example 57] example 43 ~ it dissolved in the methylene 
chloride 1% of the weight, and the lock copolymer was filtered. In this solution, 1% of 
tetrabutylammonium hexa chloro PURACHINETO (IV) of polymer weight was added. The cast of this 
solution was carried out on the SiO substrate, and the pattern formation film with a thickness of 20nm 
was produced. This sample was heated for 90 seconds at 1 10 degrees C, and the solvent was distilled 
off. Then, the sample was paid to oven, and in nitrogen-gas-atmosphere mind, it heat-treated at 200 
degrees C by 150 degrees C, and heat-treated [ for 5 hours ] at 350 degrees C by 300 degrees C for 30 
minutes for 5 hours for 5 hours. 

[0486] To this sample, reactive ion etching was performed on condition that CF4, O.Oltorr, progressive 
wave 150W, and reflected wave 30W, and the SiO substrate was etched. Consequently, it was mostly 
formed at equal intervals all over the substrate by the diameter of 12nm, and the consistency square [ of 
whose holes with a depth of 25nm / 1 ] is about 2000 per mu m. Furthermore, the platinum particle was 
carrying out deposition to this hole. By using this platinum as a nucleus and growing up a magnetic film, 
the magnetic-recording medium for hard disks was producible. 
[0487] [Example 58] 

the styrene end polyethylene oxide macromere (a) (Mw=14100, Mw/Mn=1.04) shown in the synthetic 
following chemical formula of a graft copolymer, and a poly silsesquioxane derivative monomer (b) ~ 
(-- here, R added azobisuisobutironitoriru to the THF mixed solution of hexyl group) as a radical 
initiator, under argon atmosphere, was heated for 60 hours and compounded 60 degrees C of graft 
copolymers by radical copolymerization. Mw of a graft copolymer was [ Mw of 16400 and a 
polyethylene oxide macromere unit of Mw of 101000, Mw/Mn=2.1, and a poly silsesquioxane 
derivative unit ] 84600. 
[0488] 

[Formula 20] 



0^^<-4-OMe (a) 




O 




[0489] This graft polymer was dissolved in ethyl lactate 2% of the weight, and the pattern formation 
film was formed by applying on a substrate and seasoning naturally. This sample was heated for 90 
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seconds at 110 degrees C, and the solvent was distilled off. This sample was heat-treated at 350 degrees 
C by 200 degrees C for 5 hours for 1 hour, and the pattern formation film was porosity-ized. To this 
sample, reactive ion etching was performed on condition that CF4, O.Oltorr, progressive wave 150W, 
and reflected wave 30W, and the substrate was etched. Consequently, much projections with a diameter 
[ of 18nm ] and a height of lOnm were formed on the substrate. 

[0490] 10%NMP solution of a [example 59] block copolymer (poly aery lonitrile Mw=137000, 
polypropylene oxide Mw=32000, Mw/Mn=1.45) was put into the Teflon petri dish, and under an argon 
air current and within the desiccator, it applied for nine days and dried. The thickness of the formed film 
was 0.2mm. The vacuum drying of this film was carried out for three days. The super-thin film was cut 
down from this film, and it observed with the transmission electron microscope. Consequently, having 
the cylinder structure where the cylinder-like polypropylene oxide phase was formed into the matrix of a 
polyacrylonitrile phase was checked. 

[0491] The electron ray was irradiated with the dose of 20kG(ies) at this sample. In air, it set at 150 
degrees C, and this sample was further set under the argon air current at 200 degrees C for 12 hours for 2 
hours, and was heat-treated at 1200 degrees C by 500 degrees C for 1 hour for 1 hour. When TEM 
observation of this sample was carried out, it turned out that the honeycomb-like porosity carbon 
holding the cylinder structure of about 20nm of empty apertures is formed. This porosity carbon can be 
used good as a carbon electrode. 

[0492] moreover, polyacrylonitrile Mw=69000, polypropylene oxide Mw=14000, and the 
polyacrylonitrile-propyleneoxy of Mw/Mn=1.42 ~ a blunder - the block copolymer was used and also 
porosity carbon was produced like the above. In this case, the diameter of a hole of porosity carbon was 
about 9nm. 

[0493] [an example 60] - a jib ~ 10%NMP solution of a lock copolymer (polyacrylonitrile 
Mw=137000, polypropylene oxide Mw=62000, Mw/Mn=1.45) was put into the Teflon petri dish, and 
within the desiccator, it applied for nine days and dried. The thickness of the formed film was 10 
micrometers. The vacuum drying of this film was carried out for three days. The super-thin film was cut 
down from this film, and it observed with the transmission electron microscope. Consequently, having 
the BAIKONTINYUASU structure of a three dimension where both the polyacrylonitrile phase and the 
polypropylene oxide phase continued was checked. 

[0494] The electron ray was irradiated with the dose of 20kG(ies) at this sample. In air, it set at 150 
degrees C, and this sample was further set under the argon air current at 200 degrees C for 12 hours for 2 
hours, and was heat-treated at 1200 degrees C by 500 degrees C for 1 hour for 1 hour. It turned out that 
the porosity carbon holding BAIKONTINYUASU structure is formed of TEM observation. This 
porosity carbon can be used good as a carbon electrode. 

[0495] [an example 61] - a jib - 10% solution of the lock copolymer A (polyacrylonitrile Mw=68000, 
polypropylene oxide Mw=32000, Mw/Mn=1.45) was put into the Teflon petri dish, and within the 
desiccator, it applied for nine days, dried, and the film was produced, a jib ~ chloroplatinic acid and 
ruthenium chloride were added in the lock copolymer A solution (Pt:Ru=l:l). the same - a jib ~ 10% 
solution of the lock copolymer B (polyacrylonitrile Mw= 137000, polypropylene oxide Mw=62000, Mw/ 
Mn=1.45) was put into the Teflon petri dish, and the film which was covered for nine days and which 
was dried within the desiccator was produced. Each thickness of the produced film was 10 micrometers. 
The vacuum drying of these films was carried out for three days. The super-thin film was cut down from 
these films, and it observed with the transmission electron microscope. Consequently, having the micro 
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phase separation structure with which the polyacrylonitrile phase and the polypropylene oxide phase 
became entangled mutually for any film was checked, a jib — the lock copolymer A film was processed 
with formalin, and Pt and Ru particle were made to generate 

[0496] After applying a polyamide acid solution (Semicofine SP[ by Toray Industries, Inc. ]- thing 
which diluted 341 with the N-methyl-2-pyrrolidone) on a silicon wafer using an applicator, the wafer 
was put in into a lot of quick pure water so that a solvent might not evaporate, and it was immersed for 5 
hours. After carrying out the vacuum drying of the film at 50 degrees C for 8 hours, the vacuum drying 
was further carried out at 170 degrees C for 8 hours. Next, the film was heat-treated by a unit of 1 hour 
in nitrogen-gas-atmosphere mind at 200 degrees C, 250 degrees C, 300 degrees C, and 350 degrees C, 
and the three-dimensions porosity polyimide film of about 0.5 micrometers of average sky apertures was 
obtained. 

[0497] a jib — the lock copolymer A film and a jib ~ the laminating of the lock copolymer B film and 
the porosity polyimide film was carried out, and they were stuck by pressure. In air, it set at 150 degrees 
C, and this cascade screen was further set under the argon air current at 200 degrees C for 12 hours for 2 
hours, and was heat-treated at 1200 degrees C by 500 degrees C for 1 hour for 1 hour. When TEM 
observation of the cross section of a sample was carried out, the porosity carbon cascade screen of three 
layers whose diameters of a hole are about 20nm, 40nm, and 0.1-0.5 micrometers, respectively was 
formed. 

[0498] on the other hand ~ a jib ~ the lock copolymer B (polyacrylonitrile Mw=137000, polypropylene 
oxide Mw=62000, Mw/Mn=1.45) ~ a jib - the colloidal solution containing Pt particle with a mean 
particle diameter of 5nm which made the lock copolymer B generate as a condensation inhibitor was 
mixed, and the cast film of 10 micrometers of thickness was formed, this jib ~ Pt particle was 
segregating to the interface of the micro phase separation structure of the lock copolymer B film. It set at 
150 degrees C and this film was further set under the argon air current at 200 degrees C in air for 12 
hours for 2 hours, it heat-treated at 1200 degrees C by 500 degrees C for 1 hour for 1 hour, and Pt 
distribution porosity carbon film was produced. 

[0499] After producing the electrolyte membrane which consists of Nafion 117 (Du Pont make) with a 
thickness of 50 micrometers on the porous layer of 20nm of diameters of a hole among the porosity 
carbon cascade screens of three layers used as a methanol fuel electrode, the thin direct methanol mold 
fuel cell eel of 0.1mm in thickness was produced by carrying out the laminating of the Pt distribution 
porous membrane used as an air pole. When a methanol and air were supplied to this eel and it operated 
at 60 degrees C, the continuous generation of electrical energy was checked. 
[0500] Furfuryl alcohol 3.4g and l.lg of hydrochloric acids were dissolved in 29g of water as a 
[example 62] surface active agent as a precursor of polyoxyethylene (23) lauryl ether (Wako Pure Chem 
industrial company make) 3.5g, glycerol 0.2g, and thermosetting resin. After adding isooctane 33g in 
this water solution and stirring violently in it, it was made to react for one month at 60 degrees C. After 
filtering reaction mixture and carrying out precipitate a ** exception, the vacuum drying of the 
precipitate was rinsed and carried out, and LOg black carbon precursor powder was obtained. This 
powder was continuously calcinated at 500 degrees C under the nitrogen air current by 200 degrees C in 
air for 1 hour for 2 hours, and the 0.4g carbon structure was obtained. 

[0501] The SEM photograph of the carbon structure is shown in drawing 11 and drawing 12 . As shown 
in drawing, it turned out that it has the complex structure where the carbon structure has circular 
structure on a front face spherically [ the whole ]. 
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[0502] Reaction and baking were performed like the above except having added 0.2g of 20wt% solution 
of hydrochloric acid of a titanium trichloride in the above-mentioned water solution. In this case, the 
0.8g carbon structure was obtained. Thus, yield improved by having added the titanium trichloride. 
[0503] [Example 63] 

the jib which consists of composition 1, 2-polybutadiene chain, and the polyethylene oxide chain of a 
block copolymer ~ the lock copolymer was compounded by the living polymerization method. 1 and 2- 
polybutadiene chain was Mw=65000, the polyethylene oxide chain was Mw= 13200, and it was Mw/ 
Mn=l.l. 

[0504] pattern formation profit **** — a jib — a lock copolymer — 3% of the weight of 3, 3', 4, and 4 ! ~ 
the 2-% of the weight solution of the mixture which added - tetrakis (t-butyl par oxycarbonyl) 
benzophenone was filtered. The spin coat of this solution was carried out by 2500rpm on the 3 inch 
quartz-glass substrate, and the pattern formation film was formed. The sample was paid to oven and it 
heat-treated at 2 hours and 170 degrees by 135 degrees C in nitrogen-gas-atmosphere mind for 1 hour. 1 
and 2-polybutadiene chain carries out three-dimensions bridge formation by 170-degree C heat- 
treatment. Furthermore, the sample was heat-treated for 30 minutes at 170 degrees C in air. When the 
substrate front face after heat-treatment was observed by AFM, it turned out that the hole with a 
diameter of about 13nm is formed all over the pattern formation film. 

[0505] Reactive ion etching was performed to this sample on condition that CF4 gas, O.Oltorr, 
progressive wave 150W, and reflected wave 30W. Then, reactive ion etching was performed on 
condition that 02 gas, O.Oltorr, progressive wave 150W, and reflected wave 30W, and the residue of the 
pattern formation film was removed. 

[0506] Consequently, it was able to form mostly square [ of holes with a diameter / of 13nm /, and a 
depth of 15nm / 1 ] at equal intervals by the consistency of about 2000 per mu m all over the quartz- 
glass substrate. The 15nm CoPtCr thin film was deposited by sputtering all over this substrate. After 
depositing lOnm carbon as a protective coat by sputtering on a CoPtCr thin film, tape BANISSHU was 
performed, the abnormality projection was removed, lubricant was applied, and the high density 
magnetic-recording medium was produced. The vertical magnetic anisotropics of this medium were 
1.8kOe(s). 

[0507] [Example 64] 

the same jib as having used in the pattern formation example 63 — a lock copolymer — 3% of the weight 
of 3, 3', 4, and 4' ~ the 2-% of the weight solution of the mixture which added - tetrakis (t-butyl par 
oxycarbonyl) benzophenone was filtered. The spin coat of this solution was carried out by 2500rpm on 
the 3 inch quartz-glass substrate, and the pattern formation film was formed. The sample was paid to 
oven and it heat-treated at 170 degrees C by 135 degrees C in nitrogen-gas-atmosphere mind for 1 hour 
for 2 hours. A polybutadiene chain carries out three-dimensions bridge formation by 170-degree C heat- 
treatment. Furthermore, the sample was heat-treated for 30 minutes at 170 degrees C in air. When the 
substrate front face after heat-treatment was observed by AFM, it turned out that the hole with a 
diameter of about 13nm is formed all over the pattern formation film. 

[0508] Reactive ion etching was performed to this sample on condition that CF4 gas, O.Oltorr, 
progressive wave 150W, and reflected wave 30W. Hydrofluoric acid treatment was further carried out 
after etching. After being immersed in the tin(ll) chloride solution (what added concentrated-sulfuric- 
acid 1.0 mL/L to 2 l.Og [ of SnCl(s) ]/L 37%) for 20 seconds, pure water washed this sample. Then, 
after being immersed in the palladium-chloride solution (what added concentrated-hydrochloric-acid 0.1 

http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje (25 of 30)12/6/2007 10:31:46 AM 



JP,2001-151834,A [DETAILED DESCRIPTION] 



mL/L to PdC12 0.1 g/L 37%) for 20 seconds, pure water washed this sample. As mentioned above, 
actuation in which a substrate was immersed in a tin(II) chloride solution and a palladium-chloride 
solution was repeated several times. 

[0509] Consequently, the structure mostly located in a line at equal intervals by the consistency square 
[ of whose palladium of the shape of a dot with a diameter of about lOnm / 1 ] is about 2000 per mu m 
all over a quartz-glass substrate was acquired. The 15nm CoPtCr thin film was deposited by sputtering 
all over this substrate. After depositing lOnm carbon as a protective coat by sputtering on a CoPtCr thin 
film, tape BANISSHU was performed, the abnormality projection was removed, lubricant was applied, 
and the high density magnetic-recording medium was produced. 

[0510] The palladium of the shape of an above dot can be used also as a mask or a dot-like electrode. 
[0511] [Example 65] The polyethylene oxide (weight-average-molecular- weight Mw=20000), p 
phenylenediamine, and pyromellitic acid anhydride which carried out end processing by 3 and 5- 
diamino benzoate were made to react, and the polyamide acid which has a polyethylene oxide chain as a 
graft chain was compounded. The weight ratio of the polyamide acid section and the polyethylene oxide 
section was set to 1:2. The bis(4-maleimide phenyl) methane 1 weight section was added to the 
compound polyamide acid 30 weight section, and it considered as N-methyl pyrrolidinone solution. This 
solution was applied to the glass plate using the applicator, and the sheet with a thickness of 10 
micrometers was produced. This sheet was heat-treated at 150 degrees C, 250 degrees C, and 350 
degrees C under the nitrogen air current for 1 hour each, and the porosity sheet was obtained. The 
obtained porosity sheet had the porous structure by which the B AIKONTINYUASU phase separation 
structure which consists of a cylinder phase of the polyimide which branched highly in the shape of a 
three-dimensions mesh was imprinted. 

[0512] The Pori (2-BUROMO ethyl) silsesquioxane solution was sunk into the obtained polyimide 
porosity sheet, ultraviolet rays were irradiated, the process heat-treated at 80 degrees C was repeated 5 
times, and it was fully filled up with Pori (2-BUROMO ethyl) silsesquioxane all over the hole of a 
porosity sheet. Oxygen ashing of the porosity sheet was carried out on condition that ltorr by 800W. 
Consequently, the silica porous body which is imprinted considering the porous structure of a polyimide 
porosity sheet as mold, and has nano structure was produced. 

[0513] 10% of the weight of 3, 3', and 4 and the mixed liquor which mixed the 4'-tetrakis (t-butyl par 
oxycarbonyl) benzophenone were prepared to acrylonitrile. This solution was sunk into the silica porous 
body. Ultraviolet rays were irradiated at the silica porous body, the polymerization of the acrylonitrile 
was carried out and it was hardened. After heating this structure at 210 degrees C in air for 24 hours, it 
heat-treated and carbon-ized to 800 degrees C under the nitrogen air current with the programming rate 
of 210 to 10 degrees C/m. Hydrofluoric acid treatment of the complex of carbon was carried out to this 
silica, and the silica was made eluted. Consequently, the porosity carbon which has a continuation hole 
reflecting the mol follow G of a polyimide porosity sheet was produced. 
[0514] The block copolymer of PS of the [example 66] molecular weight 65000 and PMMA of 
molecular weight 13000 and the platinum particle covered with PMMA were prepared. 1% of the weight 
of the PMMA coat platinum particle was added to the block copolymer. The obtained mixture was 
dissolved in ethylcello solve acetate and 10% of the weight of the solution was prepared. 
[0515] The spin coat of this solution was carried out by 2500rpm on the SiO substrate of the diameter of 
3 inch. This substrate was heated for 90 seconds at 110 degrees C, and the solvent was made to 
evaporate. This substrate was put into oven and it annealed at 135 degrees C continuously for 10 
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minutes by 210 degrees C in nitrogen-gas-atmosphere mind for 10 hours. As a result of observing the 
front face of a SiO substrate in the phase mode of an atomic force microscope, being formed into the sea 
whose island of PMMA with a diameter of about 17nm is PS was checked. 

[0516] To this sample, RIE was performed on condition that CF4, O.Oltorr, progressive wave 150W, and 
reflected wave 30W, PMMA was etched selectively, and the substrate which exposed as a mask the 
pattern of PS which remained further was etched. To this sample, ashing was performed on condition 
that 02, O.Oltorr, progressive wave 150W, and reflected wave 30W, and the mask which consists of PS 
was removed. 

[0517] It was observed by SEM and AFM that the hole with a diameter of about 20nm is mostly formed 
at equal intervals all over the SiO substrate of the diameter of 3 inch. Moreover, it was observed that the 
platinum particle is condensing at the core of a hole. 

[0518] The block copolymer of the polystyrene of the [example 67] molecular weight 26000 and Pori (2- 
vinylpyridine) of molecular weight 5600, the platinum particle covered with Pori (2-vinylpyridine), and 
the platinum particle covered with polymethyl acrylate were prepared. Two sorts of polymer coat 
platinum particles were added by a unit of 1% of the weight to the block copolymer. The obtained 
mixture was dissolved in the jig lime and 10% of the weight of the solution was prepared. 
[0519] The spin coat of this solution was carried out by 2500rpm on the SiO substrate of the diameter of 
3 inch. This substrate was heated for 90 seconds at 110 degrees C, and the solvent was made to 
evaporate. This substrate was put into oven and it annealed at 135 degrees C continuously for 10 
minutes by 210 degrees C in nitrogen-gas-atmosphere mind for 10 hours. 

[0520] To this sample, whole surface ashing was performed on condition that 02, O.Oltorr, progressive 
wave 150W, and reflected wave 30W, and block polymer was removed. Consequently, only the 
platinum particle remained on the substrate. 

[0521] It was observed that a platinum particle with a particle size of about 4nm forms about an average 
of 25nm triangular grid, and is distributing all over a substrate by SEM and AFM. 
[0522] After carrying out sputter etching of the substrate front face lightly for 1 minute by 100W, the 
spatter of the CoPt was carried out under the pressure of 2Pa, platinum was used as the seed, and the 
magnetic layer with a thickness of 20nm was grown up. It was 13kOe as a result of searching for the 
coercive force of a magnetic layer from a hysteresis curve. 

[0523] The magnetic layer was grown up like the glass substrate which the metal particle is distributing 
for a comparison. The coercive force of this magnetic layer was 5kOe(s). 

[0524] The platinum particle covered with the block copolymer which consists of PS of molecular 
weight 4800 and Pori (2-vinylpyridine) of molecular weight 4300 instead of the platinum particle 
covered with Pori (2-vinylpyridine) of the [example 68] example 67 was used. The block-copolymer 
coat platinum particle was added 1% of the weight to the block copolymer used in the example 67. The 
obtained mixture was dissolved in ethylcellosolve acetate and 10% of the weight of the solution was 
prepared. 

[0525] The spin coat of this solution was carried out by 2500rpm on the SiO substrate of the diameter of 
3 inch. This substrate was heated for 90 seconds at 110 degrees C, and the solvent was made to 
evaporate. This substrate was put into oven and it annealed at 135 degrees C continuously by 210 
degrees C in nitrogen-gas-atmosphere mind for 10 hours for 4 hours. 

[0526] When observed in the phase mode of an atomic force microscope, it was formed into the sea 
whose island in Pori (2-vinylpyridine) with a diameter of about 17nm is PS, and it was observed that the 
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metal particle is carrying out localization to the interface of an island and the sea. 
[0527] To this sample, RIE was performed on condition that CF4, O.Oltorr, progressive wave 150W, and 
reflected wave 30W, Pori (2-vinylpyridine) was etched selectively, and the substrate which exposed as a 
mask the pattern of PS which remained further was etched. To this sample, ashing was performed on 
condition that 02, O.Oltorr, progressive wave 150W, and reflected wave 30W, and the mask which 
consists of PS was removed. 

[0528] It was observed that the hole with a diameter of about 20nm is mostly formed at equal intervals 
all over the SiO substrate of the diameter of 3 inch of SEM and AFM. Moreover, it was observed that 
the platinum particle is unevenly distributed in the edge of a hole. 

[0529] Other methods of manufacturing the field emission display (FED) component shown in [example 
69] drawing 9 are explained, an example 27 ~ the same - an insulating-substrate 101 top ~ a cathode ~ 
a conductor 102 ~ forming ~ this cathode — some conductors 102 are etched, a cathode ~ a conductor 
102 ~ a wrap ~ like, a resistive layer 103 is formed, patterning of this resistive layer 103 is carried out, 
and two or more terminal area 103 A is formed, a cathode - a conductor 102 and a resistive layer 103 - 
a wrap ~ like ~ an insulating layer 104 ~ forming ~ an insulating-layer 104 top ~ the gate ~ a 
conductor 105 is formed. 

[0530] Next, patterning of the resist is carried out and the intersection of gate wiring and emitter wiring 
is protected, the gate ~ PS-PMMA used in the example 66 on the conductor 105 ~ a jib ~ after carrying 
out the spin coat of the solution of the mixture of a lock copolymer and a PMMA coat platinum particle 
and drying, annealing is performed and the micro phase separation film is formed, the pattern of PS 
which performed RIE using CF4 gas, etched PMMA of the micro phase separation film selectively to 
this micro phase separation film, and remained further - a mask - carrying out ~ the gate ~ a conductor 
105 is etched and a pattern is imprinted. Then, ashing is performed by 02 Usher and the organic 
substance which remained is removed, in this way, the gate ~ the opening 106 of a large number with a 
diameter of about 840nm is formed in a conductor 105. By RIE using the gas of the wet etching or the 
CHF3 grade using buffered fluoric acid (BHF) etc., it removes until a resistive layer 103 exposes the 
insulating layer 104 of opening 106. Consequently, it was checked that the platinum particle is carrying 
out deposition to the bottom of opening 106. 

[0531] Subsequently, stratum disjunctum is formed by carrying out the slanting vacuum evaporationo of 
the aluminum using electron beam (EB) vacuum deposition. With EB vacuum deposition, on stratum 
disjunctum, the forward vacuum evaporationo of the molybdenum is carried out perpendicularly, 
molybdenum is deposited in the shape of a cone in opening 106, and an emitter 107 is formed. Then, 
exfoliation liquid, such as phosphoric acid, removes stratum disjunctum, and a FED component is 
manufactured. 

[0532] The block copolymer of Pori (2-vinylpyridine) of the [example 70] molecular weight 83000 and 
Pori (methyl acrylate) of molecular weight 78000, the platinum particle covered with Pori (2- 
vinylpyridine), and the platinum particle covered with polymethyl acrylate were prepared. Two sorts of 
polymer coat platinum particles were added by a unit of 1% of the weight to the block copolymer. This 
mixture was dissolved in THF and 10% of the weight of the solution was prepared. This solution was 
put into the Teflon sheet petri dish, and the solvent was evaporated for ten days. Furthermore, it dried for 
three days at 60 degrees C in the vacuum, and the 1st film of 0.2mm thickness was obtained. 
[0533] The platinum particle covered with Pori (2-vinylpyridine) of molecular weight 143000 and Pori 
(2-vinylpyridine) was prepared. 1 % of the weight of the polymer coat platinum particle was added to the 
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homopolymer. This mixture was dissolved in THF and 10% of the weight of the solution was prepared. 
This solution was put into the Teflon sheet petri dish, and the solvent was evaporated for ten days. 
Furthermore, it dried for three days at 60 degrees C in the vacuum, and the 2nd film of 0.05mm 
thickness was obtained. 

[0534] The platinum particle covered with the polymethyl acrylate of molecular weight 160000 and 
polymethyl acrylate was prepared. 1% of the weight of the polymer coat platinum particle was added to 
the homopolymer. This mixture was dissolved in THF and 10% of the weight of the solution was 
prepared. This solution was put into the Teflon sheet petri dish, and the solvent was evaporated for ten 
days. Furthermore, it dried for three days at 60 degrees C in the vacuum, and the 3rd film of 0.05mm 
thickness was obtained. 

[0535] The 2nd film, 1st film, and 3rd film were piled up, and it annealed at 160 degrees C in nitrogen- 
gas-atmosphere mind for 40 hours. It was observed by TEM that lamella structure is formed in the 1st 
film. It annealed at 240 more degrees C for 10 hours. When again observed by TEM, the polymer was 
calcinated and platinum had become a continuum. Aluminum was vapor-deposited to the upper and 
lower sides of this structure, and the electrode was formed in them. This structure was cut off to 
lcmxlcm, and the capacitor was produced. 

[0536] The block copolymer of the polystyrene of the [example 71] molecular weight 35000 and the 
polyethylene oxide of molecular weight 70000 and the platinum particle covered with this block 
copolymer were prepared. 1% of the weight of the polymer coat platinum particle was added to the 
block copolymer. This mixture was dissolved in THF and 10% of the weight of the solution was 
prepared. This solution was put into the Teflon (trademark) sheet petri dish, and the solvent was 
evaporated for ten days. Furthermore, it dried for three days at 60 degrees C in the vacuum, and the film 
of 0.05mm thickness was obtained. This film was annealed at 140 degrees C in nitrogen-gas-atmosphere 
mind for 40 hours. It was observed by TEM that cylinder structure is formed in the film. It annealed at 
240 more degrees C for 10 hours. When the film was again observed by TEM, as shown in drawing 13 , 
many holes 62 were formed into the polymer 61, and many platinum particles 63 had adhered to the 
facing-hole 62 wall. This thin film was used as a cathode catalyst bed of a fuel cell. 
[0537] The polystyrene of molecular weight 35000, the polyethylene oxide of molecular weight 70000, 
the block copolymer, and the ruthenium particle covered with this block copolymer were prepared. 1% 
of the weight of the polymer coat ruthenium particle was added to the block copolymer. This mixture 
was dissolved in THF and 10% of the weight of the solution was prepared. This solution was put into the 
Teflon sheet petri dish, and the solvent was evaporated for ten days. It was made to dry for three days at 
60 degrees C in a vacuum furthermore, and the film of 0.05mm thickness was obtained. This film was 
annealed at 140 degrees C in nitrogen-gas-atmosphere mind for 40 hours. In the meantime, it was 
checked by TEM observation that cylinder structure has appeared on the film. It annealed at 240 degrees 
C for 10 hours. When TEM observation of the film was carried out again, as shown in drawing 13 , 
many holes were formed, and many ruthenium particles had adhered to the wall of a hole. This thin film 
was used as an anode catalyst bed of a fuel cell. 

[0538] The direct methanol fuel cell shown in drawing 7 was produced. The electrolyte membrane 16 
which consists of a proton conductor was inserted between the anode catalyst bed 1 1 and the cathode 
catalyst bed 14. The porous fuel evaporation layer 12 and the porous fuel osmosis layer 13 were 
prepared in the anode catalyst bed 1 1 side. The water retention gas channel 14 was formed in the 
cathode catalyst bed 14 side. 
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[0539] The direct methanol fuel cell shown in drawing 7 was produced using the cathode catalyst bed by 

which the platinum catalyst was embedded at the membranous matrix for the comparison, and the anode 

catalyst bed by which the ruthenium catalyst was embedded at the membranous matrix. 

[0540] As compared with the fuel cell of the example of a comparison, as for the fuel cell of this 

example, generation efficiency rose more than twice. 

[0541] 

[Effect of the Invention] As explained above, according to this invention, the ingredient and approach of 
forming the pattern of nanometer order with remarkable regularity can be offered. Furthermore, the 
approach that a magnetic-recording medium, the gate electrode of a field emission display, and the 
separator of an electrochemistry eel can be manufactured simple can be offered using such an ingredient. 
The magnetic-recording medium in which high density record is possible can be offered without 
following, for example, making a magnetic-substance crystal grain child's particle size small beyond the 
need. 



[Translation done.] 
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